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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

MANUFACTURING AND SERVICEABILITY
TESTS ON SHEETINGS MADE FROM
TWO SELECTED MILL TYPES
OF COTTON !

Hy Rouru Buuquist Hoaurs, asseciate lextile chemist, Mangargr B. Havs, asso-
ciale textile physicist, Textiles and Clothing Division, Bureaw of Home Economics,
and Joux T. WietNatoy,? formerly collon lechnologist, Bureau of Agricullurel
Eeonomics
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INTRODUCTION

Fiber and spinping studies are of great value in determining the
relative and absolute quality of cotion, but they do not as yet give
a full and accurate picture of the serviceability of a given cotton when
it is used for a specific purpose. In order to broaden the scope and
extend the value of such investigations, fiber studies, including
physical, chemical, and X-ray measurements, together with manu-
facturing and serviceability tests, are going forward in the Depart-
ment of Agriculture on cottons differing wideTy in respect to the various

1 Snbmitted for publicution June 19, 193,

' This i3 a cooperative projuct of the Butesus of Awricullurnl Heonomics and Home Econotnics, The
Bursau of Agrienitura) Economics supervised the manuscture of the toltons inlo sheets and studied the
msnafsetturiog aut! yarn properties of the cottons, The Burenn of Home Ecogomics made service as well
&5 inboralory fests on the fabrics. G, L. Crawfoed, formerly senior agricueitural econotnist, the Burean of
Agricoitural Econotnics, gave general supervision and helpful sugpestions in ihe plonning of this project.
Appreciation i5 also expressed o the mansgement of the Pequot M5 for mnking the facilitics of that
mii availgble for the manufucturing iests atd to the Danvers Bleschery lor its cooperation during the
blesching, finishing, and fahrioating of the sheetings. Ackmowledgment iz made to M. E. Campheil,
senint cotton technologist, for his assistance in ?repanug the rapart of the manufacluring tests, afary
Lindsley, former maosger of the Dodge Botel, Washington, D. ., kindly exteaded the Meitities of the
hgte! fnr this stady, Bod the stalf of that Institution gemerously coopersted in the serviceability phase of
the pr ek,
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fiber properties, Through studies of the various types of data
derived from this work it is haped eventually to develop more rapid
and accurate methods and a more effective basis for recognizing cotton
quelity as it is related to manufacturing and service performance.

At present, the most reliable means of determining the suitability
of one or more cottons for a specific use seems to be to manufacture
the fibers into yarns, cords, and fabries, and subject these materials
to service and related tests, under as nearly controlled conditions ns
it is feasible to secure.

In a previous study by the Department of Agriculture {18) * sheet-
ings made from American upland cotton, selected to Tepresent the
Good Middling, Middling, and Strict Good Ordinary grades, were
submitted to laboratory and wearing tests. According to a classi-
fieation for sheeting propesed by Hays (15), the materials used werec
mediumweight muslin,

This bulletin reports similar work on twe selected mill types of
American upland cotton ranging from Middling to Strict Middling
grade when made into heavyweight muslin sheets, In the present
study, more sheet: of cach ot were put into service, and a larger
sample was taken each test period. Additional laboratory tests were
also performed. These two investigations are believed to be the only
ones in which cotton of known grade and staple length have been
manufactured into fabrics and the resultunt serviceability of the
materials evaluated by sctual wear studies.

THE COTTONS AND THEIR MANUFACTURE INTO YARNS AND
FABRICS

The cottons {designated A and B) vsed in these lests wera selected
from several hundred bales stored in 1he warehouse of the Pequot
Mills, as being representative of two types grown in widel separated
locations and used regularly by the mill.  While classification and
spinning data are presented in this report only for these two cottons
when manufactured separately, at the time this test was conducted
the mill was using a mixture of 29 percent of cotton A and 80 percent
of cotton B. In addition to material manufactured separate ¥ from
each of the two cottons, samples of gray and finished fabric were also
obtained from this mixture of the two for use in the serviceability
tests.

From an examination of the tags and identification marks on each
bale the following information was collected conecerning the origin of
the cotton tested: Cotton A was compressed at Calexico, Calif. Six of
the ten bales were grown in the vicinity of Somerton, Ariz., whereas the
remaining 4 bales came from Calexico, Calif. Cotton B was grown in
Arkansas and was concentrated at Texarkana for shipment.

As the bales were opened sumples wers taken from the top. middle,
and bottom of each bale of cotton to he testerd.  Ten bales of cotton
A, § for warp yarus and 5 for filling yarms, and 10 beles of cotton B,
5 for warp yarns and 5 for filling yarns, were used in this test.

The bales were weighed and then the bagging and ties were removed
and weighed. The difference between gross weizht and tare gave the
net weight of cotton used in the tests. Five bales were placed on the
floor beside the long apron that feeds the bale bhreaker. Approxi-

1 ltalic figures in parentheses refer to Literature Cited, p. 30,
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mately 20 pounds from each bale was placed on the apron at one time,
thus affording as nearly s uniform mix as possible. The cotton was
opened and passed in succession through a bale breaker, a vertical
opener, and two lattice cleaners. From hers it was passed through
& pneumeatic conveyor pipe to the picker room of the mill. At this
gl?smb the cotton was fed to & breaker picker with two beaters, the

t o three-blade and the second a two-blade, then to the finisher
picker equipped with a Kirschner beater, after which it was delivered
to the card room.

In the card room the cotton was passed through the cards, evener
drawing frames, finisher drawing frames, slubber, intermediate, and
fine frames.

The roving was next trucked to the spinning room where it was
spun into two counts of yarn: 21s warp yarn and 22s filling yarn. The
warps were prepared with the use of an automatic spooler and high-
speed warper, operating at a speed of 42 yards per minute, and a
2-drum slasher. A comn starch sizing mivture was used.

The filling yarns, after spinning, were put through a steam condi-
tioning process to set the twist in the yarn and prevent kinking during
weaving.

The sheeting material was woven on twe 72-inch plain looms, run-
ning at the rate of 119 picks per minute.

In weaving the gray goods, the following specifications were followed
as closely as possible: Width in gray, 72 inches; ends per inch, 68;
picks per inch, 72; weight, 1.55 linear yards per pound; warp-yarn
number, 21s; filling-yarn number, 22s.

Prior to processing the test cottons easch cleaning machine to be
used was emptied of waste and stock, and thoroughly cleaned. The
bales were weighed, tare deducted, and the net weight of cotton re-
corded. At each cleaning machine weighings were made of stock fed,
stock delivered, and each type of waste removed.

When the samples of cotton had been spun, representative samples
of yarn were collected and marked for identification, to be used for
strength and sizing tests. TweLty-five bobbins of yarn were selected
from each test lot.

The two cottons, as well ns the mixture, were manufuctured on the
same egquipment and under similar atmospheric conditions. The
cottons were carefully observed as they passed through the various
machines during the spinning and weaving processes. 'There were no
noticesble differences in the manufacturing behavior of the test
samples.

Upon the completion of the weaving of the test cottons the gray
fabrics were taken to the Danvers Bleachery where they were bleached,
finished, and made into sheets. Particular attention was given to the
marking of the gray fabrics after they reached the bleachery. Each
lot was 1 - Led with indeltble ink, making its identity easily observed
at any tiiee during the bleaching and finishing processes.

Bleaching of the fabries wns accomplished by subjecting them to
the following processes, in the order listed: Singe, kier boil, wash, acid
sour, wash, kier boil, chemic, bleach, sour, wash, and antichlor. To
finish the fabrics, thiy were passed through a water mangle, starch
mangle, drier, and tenter frame. The starch solution used consisted
of a mixture of corn and potato starches.
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After the fabrics had been bleached, starched, and finished they
were carried to the fabricating department to be inspected, torn to
the proper length, and made into sheets. At this point parttcular
attention was also paid to the marking of the test fabrics. Ecch
sheet was properly marked, packed, and shipped to the Bureau of
Home Eeonomics for wear and laundering tests.

WEAR AND LABORATORY I'ROCEDURES

WEARING TEST

The finished sheets were subjected to the same service conditions
in the cooperating Washington hotel as previously reported for
sheeting made from the three grades of cotton (I8). The hotel
maintains its own laundry and the stafl cooperated to control the
conditions both of use and of laundering.

Fifty-eight sheets of each of the three lots made from cotton A,
cotton B, and a mixture of 20 percent of A with 80 percent, of B which
is designated throughout as a commercial mixture were marked with
an identifying number. All were laundered once and put into service
on & transient-guest floor of the hotel,

Two sheets were used per bed per day. the wide hem always heing
placed at the head of the bed. All sheets except those removed for
testing were used as long as serviceable.

The used sheets were collected each morning and sent to the hotel
laundry where they were held until a worker from the Bureau of
Home Economies arrived to check the laundry procedure. Usually
sheets were washed three times weekly but in slack perieds only twice
n week. A record was kept of the time required for each suds, rinse,
extraction, and ironing for every day that any of the sheets were
lnundered. A daily record of the identifying number of each sheet
wached was obtained at the time of folding.

For the first 2 vears the laundry procedure was essentially a cold
break-down of 4 minutes, a hot suds {approximately 160° F.) of 10
minutes, three hot rinses (120° to 130°) each of 3 to 6 minutes, and
one or two cold rinses (90° to 100°) of 3 to 5 minutes. For the re-
mainder of the study, after the installation of automatic valves to give
a definite quantity of water, the method was changed by substituting
a 13-minute suds at 120° for the break-down and the 10-minute suds.
The water temperatures reported are approximate since they were not
controlled automatically.

Soap chips were used throughout in sufficient quantity to give o
good suds. No bleach was ever added and bluing was used only fora
period of a fow weeks in the spring as is usual hotel practice.

The sheets were extracted 7 to 12 minutes, then ironed sclvage to
selvage through a four-roller mangle heated with steam at 65 to 70
pounds pressure (approximately 300° F.). A record was kept of
the few times n sheet was ironed bhem to hem. All were folded
by haud.

Ordinary stains were removed by washing again or by soaking in. the
soap tank and then washing. Any other necessary stain-removal treat-
ment was recorded and sheets so trented were never used for testing.
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LABORATORY TESTS

Sheets were tested in the unbleached state, when finished, and at
regular intervals of 25 washes, constituting » period, up to and including
275 times laundered. Two sheets were tested at each period through
the 150 times lnundered, three at the 175 and 200 periods, and four
at the 225, 250, and 275. The size of sample was incrensed at the
end of the study because the variation between sheets became larger
as wear progressed.

Shrinkage, weight per square yard, yarns per inch (thread coun t),
thickness, bursting strength, breaking strength, elongation, fluidity
in cuprammonivm hydroxide, copper number, methylene blue absorp-
tion, and ash content were determined at esch tost period. The
starch content was evaluated Jor the new sheetings and for those
Iaundered 1, 3, 5, 10, 25, and 50 times. The percentage of moisture
was determined for the new fabrics and for those laundered 75, 150,
and 275 times.

Physical tests were made in a laboratory maintsined at 70° F. and
65 percent relative humidity on samples conditioned at least 4 hours
at this temperature and humidity. The cheniical tosts were made on
cotton thoroughly conditioned, but the results of the analyses were
calculated on the basis of the dry weights.

SAMPFLING

Since 2all these sheets were used on single beds, the ares 22 inches
wide and 71 inches long mest probably oceupied by the body was
chosen for sampling. This area which undoubtedly received the
greatest amount of wear was divided into four sectious designated as
A, pillow; B, shoulder; C, hip; and D, leg (18, fig. 11).

Five warp and five filling strips were taken from each of the four
sections. Section A supplied one sample for weight per square yard
and one for bursting strength; sections B and C, each one for weight
and three for bursting strength; and section 1) furnished two weight-
per-square-yard and three bursting-strength samples. Thickness and
varns per lnch were determined on the same pieces as were used for the
weight per square yard. All four sections were sampled for the
methylene blue absorptions, while a composite sample of the four
sections was used for fluidity in cuprammonium hydroxide and copper
number measurements.  The sides supplied muterial for the stareh
and ash determinations. Three determinations were made for the
fluidity, copper number, methylene blue absorption, and starch meas-
urements and two for those of ash and moisture.

Tests were made on & new shect of each lot at the beginning of the
study and on another at the end. In addition breaking strength,
bursting strength, and fuidity were determined on stored samples at
yearly intervals in order to evaluate the aging effect.  On unlaundered
sheets no samples were taken closer than 12 inches to the selvage and
they were selected to be representative of the whole sheet.

PHYSICAL TESTS
Each sheet was measured before going inte serviee and again when

removed for testing, or at the time of discarding. The length was
measured 1n three places and the width in five, to the nearest one-




6 TECHNICAL BULLETIN G435, U. 5. DEPT. OF AGRICULTURE

sixteenth inch. One sheet of each lot was measured after 5, 10, 15,
and 20 times laundered to determine how soon the maximum shrinkage
oceurred.

A 2-inch square steel diec was used to stamp out the fabric-weight
samples, which were then weighed on a torsion balance calibrated to
read directly in ounces per square yard (78). The number of threads
or yarns in an inch of fabrie was counted both warpwise and fillingwise
with a micrometer thread counter (f). Thickness was measured on
the same samples with a8 micrometer gage graduated to read to 0.001
inch, which exerted coustant pressure on & given area of fabric.

Breaking strength was determined by the strip method (I8) on
samples cub 14 by 6 inches and raveled down to aninch. The motor-
driven Scott tester was equipped with a recording-streich attachment,
and 3-inch jaws both front and back. The elongation was determined
from the graphic record and was reported as percentage of streteh.

The ball-burst attachment was substituted for the jaws of the
Scott tester to determine the bursting strength of the fabrics. Samples
4 by 4 inches in size were used for this test.

CHEMICAL TESTS

Fluidity determinations, which satisfactorily measure chemical
tendering in worn cotton fabrics, were made on (.3-percent solutions
of cotton (on the dry-weight basis) in cuprammonium hydroxide at
25° C. with capillary-tube wviscometers. The modified procedure
developed 2t the Bureau of Home Economics (78, p. 53) was followed.

Copper-number determinations and methylene blue absorptions
give additional information concerning the chemical deterioration of
cellulosic matertal. For the copper-number determinations, 1.5 g
of finely divided sheeting were treated with Braidy’s solution and
hieated for 3 hours in an oil bath thermostatically controlled at 100°
C. (18, p. 86). MNlethylene blue absorption measurements were
determined on 0.3-g samples with o, buffered methylene blue solution
of pH 7 {18, . 29).

The amount of starch in the sheetings was measured by the method
of Fargher and Lecomber (10}, Two and one-half gram samples of
the fabrics were heated for 2% hours with 1 N sulphurie seid at 100° C.
to convert the starch present into glucose. The percentage of starch
v.in,s calculated from the amount of iodine required to react with the
glucose.

The ash content of the fabrics was estimated by igniting 5-g samples
to constant weight in 2 muffle furnace. For moisture cleterminations
5-g samples of the conditioned fabrics were dried to constant weight
at 105° C. in the bottles designed by Barritt and King (2). Dried
air was passed through the bottles during heating.

RESULTS
CLASSIFICATION OF COTTON

The average results of the classification of cotton A and cotton B
by the Appeal Board of Review Examiners of the United States
Department of Agriculture are shown in table 1. A further tabulation
of the classification date, giving the percentage distribution according
to grade and staple length, is shown in table 2.
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Tasne 1.—Clagsificaiion of cotlon !

Character
! 1 H
A : Grado Stapie lengt
Sampie 0cBeS) | Tngtormity of | Fiber Strenmth !
' length § {body) |OreR=
Cotlon A: ' i - i |
Warp yarng. Mi‘ldli% Light Spotted o I e to .. Trregulnr sad | Light o' Weak.
| Striew Seiddiing Light Spoteed. whsty. i
Filling yarns. . ___ oo ..., . bMa oo 5 (SR T I S 1 Do
Cotton B: ) !
Warp yarps.., Miiding to Striet Miuddling. .| (342 ceeaeedd Rogular | Fine._ ) Normal.
Filling }'arns..l et rie e 2] M2t l}‘iﬁ._i ..... (S0, TR SR T S ' De.

! Classification made by Appesl Board of Review Examiners of the U. 8. Dapartment of Agriculture.
Average of 30 samples for each of the coltons tested, . .

! Irregular indientes slightiy below' the sveruge, ‘Wasty indieates mixed length of fber.

3 Weak indicates poor strength.  Normal indicates aversge or goodd strength.

TasLe 2.— Perceniage disiribution of the classificaiion of cottons fested, by grade and
staple lengih

Distribution for staple length oi—

Kinil of entton and grde : i . | Tomi
iy iz b ognen i dMr L M |
inch inch ; dnehes ;o oineles |
Coeton A; v Percent ! Prereeni } Peroent { FPercent | Percent | Pereent
Striet Middiing Spetted . ......... . : 3.4 T : . 43. 4
Middiing Light Spotted .. . 0.0 ! 1,7 23] . 0.0
Aiddling Spotted .. L. ... . ..., . 337 1.3 - HiX
i i ! ;
Potal. oo @Rl anod 00 2
Cotton B: ! i I
Strict Middling._ ... .____. el 3.1
Strict Middling Syported . 3.3
Middling. ... | . [ 3.4
Total __..... 106,90

! Date based on representative sampies teken from 5,660 pounds of colton used in magnitfacturing the
warp and filling yarps.

It is rather difficult to make s simple comparison of the grades of
cottons A and B in view of the fact that the individual samples of
sach covered a range of & full grade, and that cotton A was pre-
dominantly spotted whereas cotton B was not. However, it may be
sald that on an average, cotton B was lower in grade as regards foreign
matber, but that cotton A was lower as regards the color component
of grade. The classers found cotton B to be approximately one-
sixteenth of an inch longer on an average, and to have considerably
more desirable character than cotton A. The cotton used for warp
yarns was of the same grade and character but slighti longer in
staple than that of the same type designation used for fil ing yarns.

MANUFACTURING WASTE
From the weighings of the amount of stock fed and the amount of

stock delivered the percentages of total visible and invisible waste
were calculated (table 3 and fig, 1).
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TaBLE 3.——Percentages of the different !yp;s of waste removed by the pickers and the
eards

Wasta in 1—

C(;t_to}:lz AE-‘; Mi%dling o At
. ) ight Spotted to otton B, ddling to
Rind of wasts Striet Middling Steict Ntiddlng ¢
Spotted ¥

Warp Filling ; Warp . Filling

Rind of waste:
Picker waste:
Cpener: Percent Pereeat Percert 1+ Pereent
Vertical .08 0. B, 63 0.36
Lattice clenners. - L i . .95
W THOES oo s mammmme oo mmmm e . . 1N

Totsl visible - ..ooeeoo.

Brenker:
Hopper Bot_ .o -
Damper box. .
Alotes and iy
Sweepings.

Totsl visible . _oooioooooo
Total Invisible L. ...

Finisher:
Tota) visible . .___....-
Totul invisible........

Card wasta:
Flat strips
Cylinder apd doffer strips
Motes and 8y
Sweepings. -

POAL VSIS o oemeee e e 1
Total invistble . L .oovmea

Pieker and card wasie:
Total visible
Tota! invisible. . vmmcmmr e e

i The waste perceninge for ench cleaning machine is based on the net weight of votton fed to thiat pasticular
cleaning mschine, The percentage of total visthle waste removed by the pickers and card equals 100
times the suim of the pounds of waste removed by the pickers and card divided by the nep weight fed to
the cpener picker. Invisible waste is fignred similarly.

t Spe table 2 for the percentage distribution of the classification of cottons tested, by grade,

3 Represents invisible waste for opener and brealer pickers.

# Invisible gain.

An examination of the percentages of waste removed by the different
cleaning machines shows that more visible waste was extracted from
the cotton A by the pickers and cards. On an average, this difference
amounted to 1.62 percent, or 7.74 pounds of waste per 478-pound bale
of cotton. From a consideration of the grades of the cottons, as
shown in table 2, this finding is somewhat surprising, as the grade of
cotton B (ignoring the color designation) was on an average slightly
lower than that of cotton A. It may be seen in table 3 that the chief
differences in (c{{unntity of waste removed were in the form of opener
waste and card motes and fiy. These particular types of wgste con-
sist largely of foreign matter, such as leaf, motes, shale, sand, stc.
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12
[: CARD WASTE
m FINISHER PIGKER WASTE
"/ /] BREAKER PICKER WASTE
1o —
B orever wasTe
8
=
=
i
£ e
ki
a
4
77,
/ 7
2 /
o
-~ < — O
< az LY @z
1.4 a x 5
z3 xJ z< z3
e ci o= 5T
5% o5 ¥ ¥
SE 38 8% 3%

Ficore 1.—Percentages of picker and card waste from eottons A and B
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STRENGTH OF YARN

The yarn-strength * and size data were then corrected to the speci-
fied yarn number, 21s warp yarn and 22s filling yarn, through the
use of an improved method for converting an observed skein strength
of cotton wyarn te that of o specified yarn number as reported by
Campbell {5).

A study of the data in table 4 shows that there is a difference in the
corrected bresking strengths of the yarns spun from the two samples,
cotton B producing yarns with a higher corrected breaking strength
than cotton A. However, these differences in breaking strengths
mey be attributed to the fact that the cotton B was about cone-
sixteenth of an inch longer in staple length than cotton A. In order
to determine the extent to which this difference in staple length alone
might be expected to account for such a difference in the strengths
of the warp yarns comparisons have been made with corresponding
values obtained with the use of Campbell’s empirical formula® This
formuls gives the average skein strengths of carded warp varn that
may be expected to be cbtained, under certain manufaeturing con-
ditions, from cottons of various staple lengths and a range of yarn
numbers. The strengths of warp yarns thus estimated for the staple
lengt}l}ls of cotton and yarn numbers under consideration are shown
in table 4.

TasLe L—Correcled skein breaking strength and estimaled strenglh of yarns

Average correeted skein strongth of L —

Cottan A ’ Cotton B
. ——— e —
Strength COWarp yorn £L.84 | Filling yaro (471 .[ Woarp yarn (L34 i Filling ynro (3.73
P ewist multiplier) | twist mupltiplier) | iwist muitijlier) { baist mudtiplicr)
- ALin fnch 2 tijg inehd b1l inches ? i ingiy 2
T N S _:_. | - f :
Avernwe | SEmk }.—\ verage | Sk Aversze | SEmdt A verse; SEmk
] . . ‘....\.,_—.\.__' [ .-: . r—— i ae .-—.—.—.-.__ L ..
Popndy , Powndn | Pounds | | Pounds |
Correetwl e e - 9335 1.61 ¢ B 077 |t .82 8002 ; .88
Estimated T ... . B . I o

! Averagy of 25 obseryations, . i
t Sy tnible 2 for she porcentage distribution of the elnssification of votton tested by staple length.

* Borenu of Agricultural Economics formula for dotermining Yurn strengil from staple lenpth of cotton
and number of yara.

Exasminsation of the data in table 4 shows thet the warp yarn spun
from cottonn B was 6.4 percent higher in breaking strength than that
spun from cotton A. The estimated breaking strength of 21s warp
varn spun from cotton with a staple length of 1%, inches is found
to be 5.8 percent higher in strength than the same count of yarn
spun from cotton of 3}4;-inch staple length. Thus it is seen that the
difference between the strengths of the warp yarns spun from cotton A
and cotton B in this test may be accounted for almost entirely by the
difference in staple length.

t The yurps were tested nt the colien testing mboratery of {he Burean of Apriculiural Economics, Wash.
ington, 1. C., where they were reeled into skeipns of 120 yards eavh, and sliowed Lo condition for at lenst
4 hovrs in ap stmosphere of 63 pereeat rejative humidity st s constani temperture of 70° F. The yarns
ggg:;}:a broken on & standard type inclination-balance skein toster and sized on a direct yarn oumbering

2 CastPBELL, MaLcoty E. THE RELATION OF STAPLE LENGTII OF COTTION TO THE SKEIN STRENGTI OF
CASDED WARP ¥aRk¥, U. 8, Bur, Agr. Econ, Unpublished,




MANUFACTURING AND SERVICEABILITY ‘LESTS ON SHEETINGS 11
SHREINKAGE

All the sheets shrank lengthwise but increased in width with wear
and laundering. The average change in dimension for sheeting made
from cotton A was —9.4 percent warpwise and 42.6 percent filling-
wise. The cotion B sheet shrank 9.1 percent and gained 2.3 percent
in width. For the sheeting made from the commercial mixture the
changes were —9.0 percent and 4 1.9 percent, respectively. The
variations for the three fabrics are not significant. A comparison of
these shrinkage values with those of the earlier wear study {18,
p. 86) shows that these sheets shrank more lengthwise and gained
somewhat less in width than those previously tested.

A sheet made of cotton A, which originally measured 103.6 by
64.4 inches, was 96.5 by 66.5 inches after five washes. Further
variations in width were insignificant, but at 10, 15, and 20 washes
the length was 85.6, 94.7, and 95.1 inches, respectively. At the time
?f diica.rding, after 327 washes, this sheet measured 94.5 inches in
ength.

These and similar measurements for the sheets of the other two
lots show that the greater part of the shrinkage occurs in the first
5 washes and that the changes in dimensions after 15 washes are
negligible. A small increase lengthwise was noted at 20 washes for
the sheet from cotton A because one time it was ironed hem to hem.
In normal hotel practice sheets are ironed selvage to selvage.
McClew (16) also observed the relationship of percentage of shrinkage
to direction of ironing.

WEIGHT

The weight per square yard (tables 5 and 6) as plotted in figure 2
shows that there was an appreciable loss in weight upon bleaching
and finishing, and an equivalent gain at the end of 25 washes as &
result of shrinkage. -

TaBLE 5.—Physical analysis of tiree lots of unbleached sheetings

: Weieht Yaurns per inel i Breslzing strength

. P > SR © Thick- | Tursting |
Muterial . squars R . mess  © sirengiho
Yard Warp Filling Y Warp Filiing

Ounces « Number  Number F Tichey F Poynds - Ponnds i Pounds
o : L G- I i+ il 3

Collom Aueniiven ool . . TR 7t ; 9! 6.3
Colten B..... ... __._ ... 3. 40 1t 4 i .3 U 604} i)
Commercial mbceore. ... __ 508 fifh, 7.3 i i1 %0 5.5 9.9

When finished and throughout the major portion of this study,
the sheets made from cotton A were lighter in weight than were
those from the other two lots. Since the curves in figure 2 for the
fabrics of cotton B and the mixed cottons show no consistent difference,
1t is evident that the addition of 20 percens of cotton A did not appre-
ciably lower the weight of the sheeting. Service did not produce so
great a reduction in the weight of these heavy muslin sheets {table
6) as the (.8-ounce loss reported for mediumweight muslin sheeting
of the previous study (18, p. 29).
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Fleure 2.—Weight per syuare yard of the three lots of unbleached sheetings and
of the bleached sheetings laundered various numbers of times.

YARNS PER INCH AND THICENESS

The unbleached sheetings had 69 yarns per inch warpwise and 72
yarns fillingwise (table 5), which is a standard mtll construction.
‘After bleaching, all threo sheetings had more warp yarns per inch and
fewer filling yarns (table 6). According to the classification proposed
by Hays (15), these sheets are heavyweight muslin, since they have
n finished count fillingwise between 66 and 76 yarns per inch. As
shown in table 8, the number of yarns decrcased warpwise and in-
creased fillingwise with service until there was approximately the
same number in both directions.

From a comparison of the thickness values {tables 5 and 6), it is
evident that sll three materials changed similarly during bleaching
and finishing. There was a slight gain with laundering, but aiter 75
washes all three sheetings measured 0.011 inch in thickness and
showed no further changes throughout the remainder of the study.

BURSTING STRENGTH

Figure 3 shows that the bursting strength decrensed with increas-
ing amounts of service, and that the sheeting of this study made from
cotton A (table 6) had lower values throughout than did the other
two materials,
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TaABLE ﬁ.—li-'c:'g.’t.",.y(u'ns per inch, thickness, and bursting sirenglth of three lots of
sheetings after repeated laindecing and wear

oy - .
l Times I Weight * Yarns per inch

. Uoper vt 'Thivk- | Bursting
Mpterial | 1;““11 st]]unrc i \ " oness | strengtly
deret yard | Warp | Filling
I Nusmber | Ounices | Nuwber | Number | Inclhes Panudx
i g 1.8 7.0 [T 0,010 il
23 4.4 T3 20 L0123 Gl
30 5.02 0.0 72,2 L2 [
G 4.8 731 i e i)
| 100 5,01 .9 T-l.g AgH 5;
. 185 1,08 7.4 T . +
Botton A oo oo 150 LU7 71 73, 1 m 40
175 4. 74 74,8 748 LQit 33
240 4,37 i 3.0 o k1]
5 4.50 4.8 3.6 oL 28
250 E%ii] T4 0 L1l U]
: 5 4.0 Th4d it Ryl 15
oo val wmes| ws| swal Tow 78
: 25 547 N ] 2.4 .012 77
| i 5 12 75.9 T3 Loz V2
' | Lee| 3 T61L 7
H 100 & UI 8.4 | ‘312 52
: 125 4l 748 i LU hE
Cotbon B ooooese e 130 5,02 i3 3 Joil 10
175 4.53 70,0 .1 IR M
200 1.8 LG A T 32
25 .67 4.8 Thob Lo 30
250 A58 T4 5 1.8 .0 24
a5 4. 43 15 7.8 011 x2
] 4,73 7.5 6%.0 NilL 53
35 5.08 T 7O Lo 76
i 5.1a Th8 .4 .01l &6
a3 4.88 e AT Lail =
100 &, 14 Th2 A3 NilH E
» 2 iz Flie

Commercinl mixtare.. _.___.... ... .. {j} ;gé 0 oy EH 5%
173 4,72 .4 75.3 NN 1
0 4,70 Tl T4HE Lo 3
235 4.72 5.4 T2 Lot W
250 4.80 i 7o 4 Lol 25
5 4.97 4.0 TH & .on ]

1 Average for 51058 periods,
BREAKING STRENGTU

The values for breaking strength are given in table 7. In general,
the sheeting made from cotton A was slightly weaker than the other
two maferials between which no significant difference existed. It
should be noted that eotton B had a somewhat longer staple length
{table 1} than cotton A. The average breaking-strength values, as
plotted in figure 4 for each of the three sheetings, show a progressive
loss with service. A comparison of the warpwise results indicates
that there was approximately as great a loss in breaking strength
with the first 50 washes as was produced by the following 225 lnun-
derings. Fillingwise tlie reduction at 50 washes was equivalent to
that produced by the next 100.

Whitin (2/), In his report of the Cotton Textile Institute wear
study on 24 mill brands of sheeting, gives the loss in breaking strength
for sheets of the heavyweight, 68 by 72 construction, at the end of 65
washings in the Westchester Hospital as 53.25 percent. The materials
made from cotton B and from the mixture of the two cottons showed
this percentage reduction in strength between 125 and 150 washes,
and the cotton A sheeting between 100 and 125 times laundered.




7.—Breaking strength and elongation of three lots of sheeting after repeated laundering and wear

4!

Breaking strength (strip) Elongation

Times
Matertl Inun- Scction A Section I Section C Section D Scetion A Section B Bection C Section D

dered

Warp | Filling | Warp | Filling | Warp | Filling | Warp | Filling | Warp | Filling | Warp | Filling { Warp | Filling | Warp | Filling

56, 4 63, 5 5.2 43,0 LY [eenann . 18.2
25 3 49,6 X 4. 50,2 a1 50.3 12,3 15.0
50 L 42,1 38, 42,5 38.9 3 13.9
75 40, 30,6 37, 38. A4, 40.7
100 . 2 30.7 : 27,2 32, 32.9
Cotton Ao i s X 24.0 3 , 5 27.1

- 23.4 3. . 3 26,5
15.9 3 3. 5 21,1
16. 6 f A . 19.0
1.9
1.6
8.9

58.7
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Ficure 3.—Bursting strength of the three lots of sheetings removed from service
at intervals throughout their wear life.
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Fraure 4.—DBreaking strength of three lote of laundered sheets: A, Warpwise;
B, fillingwise, The average of the four sections was plotted.
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1GURE 5.—The strength-index values, i. c.,
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The strength index or breaking strength per yurn, obtained by
dividing the bresking strength by the number of yarns per inch,
makes it possible to compare strength independent of varistions in the
number of yarns perinch.  As measured by strength index, the warp-
wise strength was not affected by bleaching and only & small reduction
accurred 1n the filling strength per yarn. 'The filling strength index
for the fabric of cotton B was reduced from 0.94 in the unbleached
state to 0.88 in the bleached and finished condition; of the cotton A
material, from 0.85 to 0.82; and the mixture, from 0.95 to 0.90.

The values for strength index plotted by sections in figure 5 for
the cotton B material show that tEe order of decreasing deterioration
for the four sections was B, A, C, and I2. The same order prevailed
for the fabrics made from cotton A and the mixture. A similar finding
was reported previously for sheetings made from Strict Good Ordi-
nary, Middling, and Good Middling cottons (18, 7. 80).

’this and the previous study show that wear as well as Jaundering
affect the life of a fabric. Many investigators have attempted to
evaluate the durability of fabrics by merely laundering them re-
peatedly. Since this procedure does not simulate the conditions of
actual use, it cannot reveal the changes that occur during service.

The effect of body wear, which includes such factors as mechanical
abrasion and absorption of perspiration, is also shown by the breaking
strength of the material at 250 washes when tests were made on the
sicles of the sheet, areas not normally subjected to this wear. For the
cotton B fabric the breaking strength was 22.4 pounds warpwise and
17.1 pounds fillingwise. Similarly, the values were 21.9 and 18.2
pounds for cotton A, and 23.4 and 19.5 pounds for the mixture. A
comparison of these values for the sides of the sheets laundered 250
times with those in fizure 4, show that they approximate the average
values of the four sections for the respective materials at 200 washes.
Body wear has an appreciable effect on sheeting since 50 extra periods
of use were necessary to give the sides of the sheets the same breaking-
strength values as the centers at 200 washes. The role played by
weir was even greater in a study reported by Ginter and others {1/}
for muslin garments than in this investigation on sheeting.

ELONGATION

Warpwise elongation increased at 25 washes, then gradually de-
creased, but after 125 washes the values remaited essentially the same
(table 6). The fillingwise elongation decreased with service to values
between 6 and 8 percent. Figure 6 in which the elongation curves for
cotton A are plotted, shows the same order of the sections as given by
breaking strength, namely, B, A, C, and D. BSection B, the most
deteriorated, had the lowest percentage elongation while section 1,
the least damaged, had the highest percentage. Undonubtedly, fabric
deiterioration and the percentage of streteh at breale are related.

LENGTH OF SERYICE

The time of the first break and of removal {romn service, as measured
by the number of times laundered, is given in table 8. The sheets
lost in the hotel were omitted in compiling this table. If a sheet had
been tested before a break occurred it was not considered in computing
the time of first, break and all test sheets were omitted from the time
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of removal from service. In these computations, no distinction was
made belween breeks due to accidents or to stain removal end those
resulting from normal wear. Sheets were withdrawn when in the
judgment of the workers they were too weak to patch or dam.

The average time of first break for these three sheetings is lower
than that previously reported for Middling cotton in another study
(18), although the upper limits of the range are higher. For all three
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Fioure 6.—Elongation of four sections of cotton A sheeting given various amounts
of service: A, Warpwise; B, fillingwise.
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. heavyweight sheetings, the low value in the range of time of first
bresk (table 8) is below 102 times laundered, the lowest value pre-
viously reported for medium weight muslin. However, it was noted
that tﬁe 43, 46, and 54 low values in table 8 were for some sheets that
had been badly stained and had been treated to remove these stains.

TanLE 8.—Range, average, and standard deviclion of time of first break and of
removal from service for three lots of sheclings

! First break aceurrerd Removed fram service

Times washed 2
t Shests Stand- Sheets Staad-

Aver- arud ard

. ByLT-
. devia- rar.
Aver- apged tion Rane Aver uged

Age upa

Natertal T iutes wishad

devin-

Unnga tion

Number | Number | Niwnber Nimber | Number | Nuuber
Cotbom Ao e manen ... MEIM 136 kL] $ | 1F2-350 w1 20
Cotton B _..coeeman. .. M-2F 15 48 . 62359 278 25
Commercinl mivtare... .. | 3-30 15 44 51 03462 28 a1

As shown in table 8, there was no significant difference in the aver-
age time of removal from service for the three fabrics. A comparison
of the length of service of sheets in this study with those of the previ-
ous wear study (/8) shows that the grade of cotton and the sheeting
construction are more important than the differences in these two
cottons. Mediumweight sheets as previously reported (18) had an
average length of service of 208 times laundered when made {rom
Strict. Good Ordinary cotton, whereas from Middling cotton they
avernged 239 times. The cotton of approximately Middling grade
made into heavy muslin sheeting averaged 281 for cotton A, 276 for
cotton B, and 278 for & mixture of the two cottons.

Haley (14) reports 50 weeks’ service [rom sheeting of an undesig-
nnted eonstruction. His wear factor was greafer since sheets were
used seven times instead of once before laundering. It is impossible
to make direct comparisens between studies when both the service
conditions and the fabric construction vary.

FLUIDITY

The fluidities of the cuprammonium solutions of the bleached and
finished sheetings ave higher than those of the unbleached materials
(tables 9 and 10). The bleached fabrics have lower vield values (18,
p. 59), indicating that the solutions of bleached cotton in cupram-
monium were more truly viscous fluids than were those of the un-
bieached. Noncellulosic impurities are present in the unbleached
materials and may interfere with the accuracy of the results.

The fluidity vesults for the fabrics from cotton A are higher in
general than those from cotton B and the mixed cottons {table 10
and fig. 7). 'This shows that the material mnde from cotton A was
more deteriorated chemically than the other two sheetings. The
values for the fabrics from cotton B and the mixture of the cottons
are approximately equal.

As service progressed the fluidity for each of the three sheetings
increased. The yield value for each material decreased with wear
until it became zero at approximately the 150-wash period. Thus,
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the sbuormality measured by the yield value became loss accentuated
with incressing deterioration of the coston.

On the basts of & system devised by Ost (I7) for rating cotion dete-
rioration by fluidity, the values of the unlaundered finished sheetings
gre approximately equal to that of & cotion fabric bleached by a
process somewhat more severe than is normal commercial practice.

TarLE 9—Fluidity in cuprammonium hydroride, copper nwmber, methylene blue
absorption, moisture, and gsh of the three lots of unbleached sheelings

' ; Maothyiene ;
Maderia) . Finidity ; nggﬁ?;_r, blue nb- | Mnisture ’ Ash

0 | sorpion @ i
— - ! !

. Reriprocal |

Janines Pereemt Percent

Catban A ieicrc i 0.5 .22 6.1 G, 93 .17
Cotton B e e e 5.0 .8 59 6. 3% § B
Counnerein) mixeers .. L . S8 62 X 0. 532 t .97

t Gyawns of copper reduced by (00 £ of dry cotton.
* Alllimels of mrethylens blue absorhed by 108 1 of dry cocton.

Tasre 18.—Fluidity in euprammonium hydrozide, copper nwmber, methylene blue
absgrption, and ash content of the three lois of sheelings after repeated laundering
and wear
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The values for the sheetings laundered 275 times correspond to Ost's
values for & material that showed a sexious loss in breaking strength.

Fluidity measurements were made on material from the sides of
the sheets laundered 250 times to sbtain some estimate of the chemical
deterioration caused by body wear. For cottons A, B, and the mixture
these results were 21.5, 21.1, and 21.4, respectively. A comparison
of these values with those in table 10 shows that the fluidity results
for the sides at this test period are approximately the same as those
for the center at the 225 launderings, indicating that body wear pro-
duced cheraieal deterioration. It 1is possible that this chemical action
was produced by body secretions such as perspiration. Haley (14)
has stated that wear either has a chemical action or so changes the
physical condition of a fabrie that the chemical effect of laundering
ts enhanced.
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Ficurs 7.—Fluidity values of cuprammonium solutions of the three lots of shect-
ings Temoved from service at intervals of their wear life.
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At the beginning of this investigation, samples of the unlaundered
sheetings were placed in envelopes and stored in a file case in an
office. Fluidity menasurements were made on these stored fabrics
ones each year for the 4-year period while the sheets were in service
in the hotel, Figure 8 shows that the fluidity values for each sheeting
increase with storage. The slopes of the curves in this figure indicate
that the rate of the chemical deterioration of the cotton becomes
greater with time. Grimes (3} found that for raw cotton the rate
of loss of strength incressed ss the storage period was extended.

Although  storage
caused & rise in fluid-
ity, no loss in breaking
or bursting strength
was obtaired. Clib-
bens and Ridge (8)
state that any chemi-
" eal  process accom-
panited by & consider-
able rise in fuidity
reduces the fabric
strength actually or
after o mild alkaline
trentment, such as
— , even an ordinary laun-
' dering  process. In
the present study sam-
ples that had been

| stored 5 years and

?932 1933 1934 3-2-1-1 1936 then Iaun({er?d once

YEAR TESTED showed 2 loss in break-
Figrre 8.—Fluidity values of cuprammoniun solu- mng strength. How-

tions of the three lots of unlsundered sheetings CVEr, SHICE there were

tested after various periods of storage. no values for an un-

stored fabric laundered

once 1t is impossible to know whether this reduetion inn strength is due
to latent damage or merely to w less of starch.
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The copper-number results for the unbleached sheetings are appre-
ciably greater than those for the bleached (tables 9 and 10) and agree
with the findings of Clibbens and Geake (#) that bleaching caused
a reduction in copper numaber. The bigh values for the cotton in the
gray state show that the noncellulosic impurities present in the raw
cotton possessed reducing properties. The sheeting from cotton A
contained considerably more impurities of this type than did the other
two materials.

For the major part of this study, the copper-number values for the
sheeting from cotton A sre higher than those for the other two lots
of fabrics (table 10 and fig. 9).  As with breaking strength and fluidity,
there is relatively littie difference between the values for the materials
from cotton B and the mixture.

The copper numbers increased steadily as wenr progressed. This
rise, however, becomes less rapid with service. For example, the
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Ficure 9—Copper numbers of laundgred sheetg made from the three lots of
fabrics.
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Froure 10.—Methylene blue absorption ¢ f different sections of eotton sheetings

taundered various numbers of times. ‘The value for cach section is the average
of that for the three lots of sheetings.
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deterioration that occurred during the first 75 washes is approximately
equivalent to that for the next 175 launderings. A similar tendency
was noted for breaking strength.

The copper-number values of the sides of the sheets laundered 250
times are 0.97, 0.96, and 0.98 for cottons A, B, and the mixed cottons,
respectively. As with fluidity, these values are approximately the
same as those found for the center of the sheets after only 225 washes
(table 10). Since strength-index values for the sides of the sheets
Jaundered 250 times are approximately equal to those of the center
after 200 washes, wear apparently has o greater effect on the physical
properties of the shesting thar on the chemical.

The copper numbers for the unlaundered, bleached sheets of these
three lots of fabrics are slichtly lower than those reported for the
shieets of Middling cotton in the Investigation on the effect of grade of
cotton {18). The fabries for this project may have been someshat
more carefully finished than those for the previous investigation, or
the raw cotton used may have been less detertorated chemieally.
With service, the copper-number values for the sheeting of the present
study increased slightly more rapidly than those for the previous one.

METHYLENE BLUE ABSORPTION

Tables 9 and 10 show that the bleached sheetings absorbed consid-
erably less methylene blue than did the unbleached fabrics. Clibbens
and Geake (7) also found that after & normal bleach, cotten bad a
decidedly lower absorption than in the gray state.

The sbsorption values as well as the copper numbers and the
fluidities indicate that in general cotton A sheeting in this study was
deteriorated more chemieally than were the other two materials.  The
methylene blue results for these three lots of sheets were somewhat
lower originuliv but higher during the greater part of the investigation
thun were those for the fabric from the Middling cotton in the study
on the grade of cotton.

Wear and laundering caused a progressive incrense in absorption,
The large rise in the methylene blue absorption and the relatively snall
increase in copper numnber with service shows that the type of oxidized
cellulose formed is the sume as that produced by Birtwell, Clibbens,
and Ridge (4) when they treated cotton with alkoli hypobromite.

It is apparent from figure 10, where the absorption values for the
different sections of the sheetings are plotted against the number of
times laundered, that the order of increasing chemical deterioration
of the sections i3 D, €, A, and B.  This agatn shows that weur has &
chemical effect. Strength index and clongation ranked the sections
in this same order.

STARCH

The percentages of starch found in the new sheetings and in those
laundered 1, 3, 5, 10, and 25 times are shown in figure 11.  Although
2 small amount of starch remained in the fabrics after 25 washings,
none was present after 50. It is evident from this graph that more
starch was removed during the first 3 launderings than during the
next 22, and that the greatest loss occurred during the first wash.
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Figure i1.—Btarch content of the three lots of sheetings laundered a various
e number of times.

ASH

The ash content of each of the three unbleached fabries is approxi-
mately 1 percent and that of the bleached less than 0.05 percent
{tables @ and 10). This conforms with the statement of Birtwell,
Clibbens, and Ridge (8) that in general the ash content of unbleached
cotton is about 1 percent and that of cotton thet hes received a full
bleach. less than 0.1 percent. .

The unbleached sheeting made from cotton A had the highest ash
content of the three unbleached fabrics. 1t glso had the greatest
fluidity in cuprammeonium hydroxide, the highest copper number, and
the largest methylene blue sbsorption. -The percentage of ash in the
bleached fabric made from cotton A was greater for the major part
of this study than that in the other two materials (fig. 12).

With continued laundering, the amount of ash in the three sheetings
increased. The gain in ash content is greater for the first half of the
wear life of the fabrics than for the second. The percentage of ash
found for the washed sheetings is higher than that reﬁorbed by
Griffith and others (12) who repeatedly laundered & bleached-cotton
sheeting without subjecting it to wear. Their fabrie contained 0.07
percent of ash after 1 washing and 0.44 percent after 200 washings.
However, the water used by these workers was of zero hardness while
the water employed in the present investigation had an average hard-
ness of approximately 5 grains per gallon,




MANUFACTURING ANP SERVICBABILITY TESTS ON SHEETINGS 27

wm— - COTTON A
. GOTTON B

= == MIXED COTTON

-
=N
o
Lu
o
@ |,
af
&
—
[
=z .
i
-
=
o
o
I
w
-

50 7E 20 125 130 175 200 225 250 275
TIMES LAUNDERED {NUMBER)}

Fiaore 12,—Asgh content of the three lots of sheetings Inundered a various number
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MOISTURE

The moisture content of the unbleached materials is higher than
that of the bleached {tables 9 and 10), agreeing with the fi]dings of
Urquhart, Bostock, and Eckersell (20) that the hygroscopicity of
cotton decreases as its noncellulosic constituents are removed. The
unbleached cotton A sheeting contains more moisture than the other
two materigls,

Figure 13 shows that as service continued the percentages of
moisture in gll three fabrics decressed. It should be noted that the
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Fioure 13.-—The moisture content of the three lots of sheetings given various
amounts of wear,

unlaundered bleached materials were desized and that the insclubie
sonps in the lzundered materials were removed before determining
moisture content.

Apparently the moisture content of & cotton fabrie decreases as it
becomes deteriorated by wear, washing, and ironing. Downey and
Elmquist (9) found that the amount of moisture in sheetings which
had been damaged by ironing temperatures was reduced. In general
the material from cotton A contained more moisture than did the
other two sheetings,

APPEARANCE OF FABRICS

Figure 14 shows that as wear progresses the interstices between the
yerns of the fabrics become larger. When viewed under the micro-
scope, the worn fabrics illustrated in figure 14 showed broken profruding
fibers which were not visible in the new material. The fabric de-
terioration, as illustrated by these photomicrographs, is revesled as
ocecurring progressively by aﬂ the physical and chemiecal tests reported
here which measure damage.
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SUMMARY AND CONCLUSIONS

The cotton used in these tests was selected from seversl hundred
bales stored in the warehouse of the Pequot Mills, and was repre-
sentative of two types being used regularly by the mill and obtained
from widely separated points. Cotfon A was grown in the vicinity
of Somerton, Ariz., and at Calexico, Calif.
Cotton B was grown in Arkansas.

According to the classification by the
Appeal Board of Review Examiners,
cotton A ranged from Middling Light
Spotted to Strict Middling Spobted in
grade and ranged from '¥s to 1 inch in
staple lenzth. Cotton B was classed as
Middling to Strict Middling in grade,
and ranged from 3}, to 14 inches In
staple length.

The test cottons and a commereial
mixture consisting of 20 percent of cot-
ton A and 80 percent of cotton B were
spun, woven into heavyweight muslin
shesting, bleached, and finished under
similar mechanical and moisture condi-
tions. Although the average grade of
cotton A, except {or its color designation,
was slichtly higher than that of B, 1.62
pounds per hundred more waste, or 7.74
pounds per 478-pound bale, was ex-
tracted from this coiton by the pickers
and cards, chiefly in the form of foreign
matter. The yarn spun from cotton B
was more than 8 percent stronger in
skein strength than that spun from A.
However, these differences in breaking
strength can be accounted for by the
fact that cotfon B was found by the
classers to be on an average abou$ one- 2§ g
sixteenth of an inch longer in staple EN &b
length than cotion A. ROPUS 4

The sheets were put into use in & — Co o
Washington hotel and their serviceability P'gi}‘i};f‘,‘f cf,l?ﬁfﬁ“};;frfci;

= o

evaluated by physical and chemical de- A, Unlaundered, bleached
tarminations, Wear and laundering pro- material; B, material worn

: P = and laundered 200 times;
duced a progressive tendering in all three ", material worn and Jaun-
fabrics, as shown by all the tests meas- dered 275 times. Al X10.

uring damage,

The first laundering removed the largest percentage of starch. A
megsurable amount was present after tie twenty-fifth wash but nos
after the fiftieth.

The methylene biue sbsorption values for the different sections of
the sheets show that the order of incressing chemical deterioration is
section D, C, A, B. Sueh physical tests as breaking strength and
elongation rank the sections in this same order.
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Wear had more effect on the physical than on the chemical prop-
erties of the sheeting. This is indicated by the fact that the physical
values for the sides of the sheets after 250 washes are similar to those
of the eenter after 200 launderings while the ehemical values of these
sides are approximately equal to the centers after 225.

The fluidity values for each shecting incrense with storage. As the
period of storing was extended the rate of chemical detcrioration
became greater. Storage produced no significant variationsin breaking
and bursting strengths.

The unbleached material made from cotton A which was of o some-
what shorter staple length, was more deteriorated as shown by
breaking and bursting strengths, fluidity in cuprammonium hydroxide,
copper number, methylene blue absorption, and ash, than were the
other two unbleached sheectines hetween which there was no signifi-
cant difference. Also the physical and chemicnl tests measuring dam-
age showed in general that the bleached, finished fabric made from
cotton A was more tendered originally and throughout use than the
other two materials which gave approximately the same values.

The length of service of the sheetings from cottons A, B, and the
mixture was practically equul, namely, 281, 276, and 278 periods
respectively. Thus the differences in the deterioration of the two
cottons were not great enough to affect the serviceability.
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