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SETTING OF THE PROBLEM
By HomnnT W, Wsbh

The principles underiving the program of stamdnrdization of eot-
ton quality of the Departient of t\frz iculture are predicated upon the
relationships which undoubtediy exist hotween the properties of cotton
fibers and their spinning behavior or efficiency, on the one hand, and
between the properties of cotton fibers and the quality of the v*xrns and
fabrics manufactured from them, on the other. Preaum‘lbly, many
different fler properties are concerned in quality.  Pruactical stand-
ards bave been promulgated, however, only for length of staple, for
grade, and for prepar ation of long-staple cotton (i:?,1 o1, 82} That
the staple und grade standards, so far as they go, have pm\ ed them-
selves to be of much service is evidenced by the fact that they are now

1 Itplic nambors in parentheses pefer (o Liepntare Cited g, G

2IINITED STATER DEPARTMENT 0F AGUICULTDRE, Buksa Or AGRICULIURAL BECONOMICS.
HANDUGUE  FOR LICENSED CLassiPieny (Ubited Stutes Colion Stendards Act), 30 pp.
Wasbington, DO, [Mimeographed. |
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in common uge not only throtughout this country but in every other
country of the world where Xineriean cotion is used in large quantities.

Because of the lack of scientifie data upon which to base an aceu-
rate system of cotton classification and of the probable time 1t would
require to obtain them, the original basis of the standards snd of
their graduations necessarily was sought in the experience of the
trade, and in the capacities of practical cotton judges to recognize
quality variations. Althouglh relations of stuple length of raw cot-
ton to the strength and fineness of yurns are generally recognized,
they arve neither thoroughly undersfood nor mathematically evalu-
ated® Studies have been made by Willis on the relation of the grade
of cofton to its c-:pmnmcr behavior, visible waste. yarn pluputles and
fabrie quality (55), but only fragnientary information of an experi-
mental nature is available on the relation of quality of the raw cotton,
as indieated by elussifieation, to wearing quality and serviceability of
the resulting fabries.

It was this need of such technical data that prompted, in 1928,
the beginning of a cooperutive effort between the Burenu of Agri-
cultural Economies and the Burean of Home Economies to make
a more complete study of white cotlons selected to reoresent a
relatively wide range of grades, Tt seemed desirable to know not
only the properties of the raw cottons. their hehaviars dinring sub-
jection to the manufacturing processes. and the quality of their
yarns and tabries but alzo the reactions of the finished products when
subjjected to serviee, Tnmudering. aud ironing, Sheeling was chosen
becanse of the relative stmplicity of its canstruction and the possi-
bilities of giving it uniform and controlled service.

The initial study reported in this bulletin has enbraced Aaneri-
can upland White cotton from the Texax area. crop of 1928-29.
representing. according to the Tuiversal Standards. a bale of each
of the grades of Goud Mid: Ning, Middling, and Striet Good Qrdi-
nary. and. according to the offie inl staple types, approximately 1 ineh
in staple length. The pracedure emploved in the manufacture of
the sheeting and 1he ohservations pertaining to the behavior of the
cottons duri; ing manufacture wil to some properties of the raw cottons
and of their intermediate produets, yarns, and fabries are presented
in the second part of the bulletin. The studies that deal with the
serviceability and the resistance of the fabrics te ironing conditions
are reported in the third and fourth parts, respectively.

THE MANUFACTURING PROCEDURE AN SOME PROPERTIES OF
THE RA\}’ COTTOXN, INTERMEDIATE PRODUCTS, YARNS, AND
FABRICS

Ty Moraes 1L WILLTE el ROpEie W, WERB ®

In the Universal Standards for grades of cotton, three elemuents
of quality, namely. coior. leat and other foreign matter. and prepuca-

TWERR, . W.  OOPTON QUALITY S WILAT po WE KNOW Af00T 7y T0.8.Dept.Agr., fllus.

1533, |lp preparation fur a mllltif'rnplu’il publlvation, ]
11N01E wiudy i a gl of the progeatr of work oF the [h\lmnl: g5 Cotton Utiliey and Soond-
nrds egenrel Secilon now gnder the leadership of R W, Webly,  Thne yurns and shectings
were mbufneltured ot (e Toexilie School, Cleitgen Agricnliural Caolloge, S0, with toxtile
ade nvailabie Ly the Dwparttnent of Aveicnlinre By Ui (nlla‘ T IInnLII.JI LU -
igcienl gend under the supervision of 10100 Wils Whille in eharge of 1he soeilan's

spinning aefivities,

S Apprecintion is exprossodl 1o XLOE Ssuaphell, I G Giilespie, WO I Geay, J0 0L Brown,
and I, R. Legan, of the spinning Inhoratory, for usslstnoee revdercd and to members (o
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tion are consideved {44, 41, 57°}. The possible instability of color,
the graduations of the three factor ranges, and the pitch of the
different scales give vise to g numnber of fundamental and practical
problems, Some matters of major interest. for example, ave the im-
portance of color; the degree to which differences of color in raw
cottons reflect themselves through munufactured procducts in the
gray, bleached, and variously dyed states; and the nature and extent
to which the grade standards furnish a precise index of the manu-
facturing utility of a cotton, other things being equal, with respect
to staple length and character insofar as the present coucepts of
these quality factors are concerned. It is recognized. however, that,
in addition to the gnality of the raw cotton employed, the organiza-
tion, conditions, and procedure of manufacture, the construction of
the manufactured product, and its intended purpose constitute other
technical factors which, in various ways and degrees, may influence
the quality of resulting cotton goods, the cost of their manufacture,
and the evalnation of the quality of the raw cotton.

In an effort to furnish comparable material and data as a back-
eround for ussistance in determining the importance of those quality
elements embraced in or associated with the grade standards, three
bales of cottun selected to represent a rolatively wide range of
grades for so-called * White American upland cotton ” have been
manufactured under (he best controlled and comparable conditions
available and have heen studied with respect to certain fiber, yarn,
and fabric properties. A deseription of the materials, conditions,
and procedure emploved in the experimental muunufacture of the
sheetings and the information obtained from these studies are pre-
sented here.

MATERIALS AND METHODS
SELECTION AND EXAMINATION OF THE COTTONS

Since portions of cach of the three bales finally selected were to be
manufactured into a sheeting. it was desirable to select cottons of
such character and staple s to conform as closely as possible to those
used in greatest quantity for sheeting. Investigation showed that at
the time of this experiment. ax a rule, & “hard ? cotton ubout 1 inch
in staple length was used. Three bales of approximately the same
staple and charvacter but representing three different grades were
purchased from a local market at Houston, Tex. Care was exer-
cised that cach bale within itself be as nearly uniform as possible in
character. lea$, forvizn matter. preparation, eolor, staple length,
and regularity of fiber length, s discussed by Palmer (45). To this
end, ench bale was “ fanned ? at the head (by removing the tie near
the top end) and the lint was examined every 8 inches for unitformity
of grade, staple, and character.

At the spinning laboratory when the hagging and ties were re-
moved from each votton o large sample was taken from near the tep,
middie, and hottom of cach of the three bales in an effort to ebtamn

oathor nboratoricg of the sectlon, rpecilically to Dorothy Nickerson for brilliance determi-
natlons, spectrophotometric messurements, and assistance io revising the manuscript; to
A, C. Tones Tor fenglh mensyremendiss Lo Btte Zeh aod FL B, EBlcisrdson for yara, fnbreic,
and eisture fests: pad (o Carl M Coend or suggestions apd assistaner in pvevising the
manuseript. )

S UKITEGD SYATES DIEPARTMENT O AGRICHLAUNE, BURBal of AGHICULIUERAL ECONOMICE.
See footnote 2.
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three samples that would surnish a true and comparable basis for
study of the different cottons. These sumples were submitted to the
Appeal Board of Review Examiners of the United States Depart-
ment of Agriculture, Was'ington, D.C., for classification. The
Board found the samples to be of Good Middling, Middling, and
Strict Good Ordinary grades. respectively, the Middling sample,
however, having a slightly rongher preparation than the other two.
They ealled the staple length of the Good Middling and Strict Good
Ordinary samples 1 inch, but two times out of three they called the
Middling sample 1 1/32 inches, the other time 1 inch.  The board
found the samples to be regular with respect to staple, medium with
respect to body, and normal with respect to strength. These desig-
nations represent average characteristics. 8o far as the board is able
to determine, the samples from the three grades did not differ from
each other with respect to any of these character elements. The
cottons will be identified in subsequent tables not only by their re-
speetive grade designations but also numerically by the positions
of each in the scale of the nine grades for White cotton beginning
with the highest grade,

It is evident from the above descriptiens that eottons representing
a considerable range in grade were obtained. The finding of the
Board that the Middhng sample was slightly longer was confirmed
by fiber length arrays. As shown subsequently, howevar, this dif-
ference in length, because of its small magnitude, couid not have
accounted for much of the relatively higher strength of the produets
from this bale; nevertheless, these slight differences well might be
kept in mind when considering the results from the Middling bale.

Color measurements showed that, in comparison with u set of
averages of measurements for the nine White grades of the official
standards of the United States, the Good Middling bale was bright
hut not creamy; in fact, its color was close to that of g bright Strict
Middling. The Middling bale was creamier than the average and
near the upper range of this grade. The color of the Strict Good
Ordinary bale was close to the uverage for this grade.

MANTUFACTURING CONDITIONS AND PARTICULARA

In general, ihe organization and machine speeds and settings were
the same for the three cottons and conform to those customarily
used by commercial plunts for the manufacture of sheetings.

When the ties and bagging had been removed from the bales a
quantity of cotton from each was weighed and passed through an
opener. These quantities were then placed in separate bins and
allowed to comdition for at least 24 hours, after which they were
reweighed and passed throngh the {ollowing machines:

{Breaker picker,

1 " i+ 1 -
Dicker room Finisher picler.

Card.
Card room__ __-‘Drnwing frames {iwo processes).
loving trames {three processes).
© Spinning root. Ring spinning Frame.
For the manutacture of the sheeting, two counts were spun: 21s
with a twist multiplier of 4.50 for the warp yarns and 28s with o
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twist multiplier of 8.75 for the filling yarns. For compuarative pur-
poses. 21s warp yarns also were spun with twist multipliers of 4.25
and £.75. In addition, 28s warp yarns were spun with the same
3 twist multipliers to provide further information, since cottons of
this staple length are usvally considered suitable for counts in this
wnge.  The organization, speeds, and settings employed for the

wanufucture of each of the three selected coflons inlo

shown in fables 1 and 2,

yarn arve

TARLE | -—Crgunization end speeds of machines wsed i the mavafacture af yirns
froue the 3 selected voftens

Muoching

Orgunization

Speeds

Pickers:

Finisher

Dirawing frnmes:
First ...
Bepond

Raving Iranmes:
Slubber. ..
[otermedinte. . .,
Fipe.. .. .

Riog spinning
fromes:
Warp yurns:
Frame & 2,
Frame B, _
Filling yarns, ...
Do .

Waight

per
yard or
size

Feed roll

Benter

Blows per
ineh

Onnces
173

Grufnd
5.0

i fustky
b T30
1.95
8.

Cotnty
21
1)
25

-]

Nt -

ber

ERi

feopoat,
14.0

R,
VUFT
11,477

MNumber

ol
15.4

Lickerin

Crlinder

Dutler

R.p..
4

Ropm
o

H.pom.
111

Front roll

Caulendar roll

£t pon,
305
365

feopm.
Rl

Eo1)

Front roll

Pwisl seteing

Spindle

Turns per
inch

Multiplier

R.pm.
G

Bi:
1,460

MNumber
.92

1.60
500

Spindie

Frant roll

4.5
T,

1.3
T,

flp B,
PR o+ I 11

R.pu.
4, GH
L L]

B.poa,
1}

"0, 20

1.25
an

4.40
Toan,

Ropoa,

fopanifapm,
1464 k

114 134

s 14

1 Por¢nping beater,
1 2-hlade bealer.

2 Frome A was Used for Lhe spioning test yuras and approximntsly hall the worp yarns,

used for Lhe remainder of the warp yarns.
T m, =twist tultiplier.

Frame B was
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Tanre 2 Nedlingys of e machines wxed i The annfactare of garas fros
the G aelected eoflois

Machine : Belings

Girids froan
inuser
. rhabhn

T Femd rell lo fivids frons
: bustier HESTUU ST )

i Pnehes o dnches fnclies
Breaker BRRDT.. . ... L aiieeiaieiiaieion : - 1. s
Fiigherpleker. o e : T B

Crage !
. B

Fead plute Lo lickerin .

Alote keives {(lopy. ..

SiaTole knives (hotlom).
“tLickerin wo exilnder I
Bagk plaie (o exvlinder (o
|Hoek ate ta eylinder {hmlnm

| Fluts to exlinder thack) -
Flaks Lo evlinder feeniory

Flaks b exlinder (froni)

Froni plule Lo oy e (Lot
Froni, plate (o eviinder 1hn!tmm
Liaffor to exlindor .
Fraller coniby 16 dodler.

Lickerin sereei {front)

Lickerin sreeen (laeky
Cylindier sereen Chack

Cylituler sereen {venlors _

Cyliseler sereen omly L

Prrnwing roils 2

First to Hpeand to Third 10
seenpd rol) i birad roif fourtl roll

. Inelea Fuefien FETLE
First and seeond drawing feames. oo i [EETS 1
Roving (rimes: !
slubher B U, g2 . 13
Intertedinte . L. e e iiea e 4 1y
Fine. . e e cmemmaeiaeas g LT
Rpliging fimes:
Far Midedtime eotton:
Toprells ... ...,
Diattwm: rolls
For Ghasl Middiing aod Siriet Gesl Urdinary cotion:
Tops rofls
Hottern rolid.

! Phansandi hs of an incl.
2 Mpnsored from eenlet o eenter of rolls,

The following machines were used to prepare the warp yarns for
weaving s Winder, warper. and stasher.

Inasimuch ax the available lnboratory equipment was not of a size
to permit the warping and slashing of the yarns, these processes woere
earvied oul by a conunercial plant.”

The sheetings were woven on an $2-inch plain oo, making 103
picks per mimide. The following speeifications were followed ay
elosely as possible in mmbking the gray sheelings:

Yarns- 2T warp amd 208 g (singhe yurns),
Conslruetion-- G4 wairp el GE Blling (hreads por inch,

Widthi— 72 inehes,
Wedimhl- L8 Hanear yavds per potnd,

T Ackoowledznent bk omnde to . L Clark, supevintendeat of Kepnolh Cottou Milis, Wal-
hatla, 8.0, l’m serviees senddercd In preparing thie waeps.
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The treatment given the fabrics at the finishing plant® was as
follows: Kier b(}iﬁng with 3 percent caustic soda wolution at 30
pounds steant pressuret sotring with three fonrths to 1 percent sol-
phuric ackl solution, chenicking with one fourth of ¥ percent avail-
able chlorine solution. thorough washing preparatory to finishing,
water mangling, starch mangling, deying, danpening, calendering,
and manufacturing into sheets,

The ingredients nsed in the starehing operation consisted of a
combination of cornstaveh and a saponified rallow softening material.

During the manufacture of the three cotlons at the spinning aud
weaving Inboratories, the reintive humidity wus held as nearly con-
stant as possible by raeans of an antomatically controlled humidify-
tngr systemn in cach reum. The appropriate humidifying heads weye
turned on 1 or more hotrs before heginning the daily operation of
vach machine and they were allowed to operate, ax governed by the
controls. until the end of the working da, or the time when the
machines were stopped,  The controls weve adjusted to maintain 50
percent relative humidity in the pieker room, 60 pereent in the card
room, 70 pereent in the spinning room. and 67 pereent in the weave
room.  Although the relative humidity emploved in the weave roon
was slightly lower than that wsially adopted by commercial plants,
the vecords show that the number of stoppages for braken” warp
ends was for the most part very low.  To this case, therelore. it was
net necessary to maintain a Ingher relative humidity. Duortng the
manutacture of the yarns, hourly readings were made of wet- and
dhrv-bnlb temperatires as recorded by psyehirometers, located in each
roun. - SBimilar observations were niade in the weave roain by means
of asling psyelrometer,  The averages of the dry-bulb temperatures
so- obtained. the percentages of relative humidity calenlated frow
the temperatire readings, and the time reguived Tor processing ae
shown in table 8. The regain determined for saniples of stock talen
at the variows manofacturing processes is shown in talde 4,

Tavne 3, —Avortges of hogrfy readings of coom femperabmre and aof precestuge
of reintive humidity during processing, ond wwmber of hours reguired for
eoeft A e of wetftine wsed Iothe maanfueliore of sfieeting from the 3 sefeeted
(7L RFITE

] Alididling
{Ne A

Bk Gl (e
nary {No. %) T

Aachi e U S U i 4 1311331 )
Maching for JiTeve

i'l‘umml'-i. lelulive | Temnyrer-- Rolntive E Peniner- Heldive | pssing
| ature hamility!  atnre EEmlnirlit,\' niuree  § hatnddiny

Middling (No. &

I

Y0 Pereent a0 oreemt finure
Al ) 3
Hil
i)
il
0
n
b

-

Opener ., .

Piekers

Camt L
Povwkae framie
Ttaving frarme 2
sSpiuning frane 4.
Logm

it}

[Eres

i
G0
nu

14

v [o
T

Jmfod =pmd nfag
A LT g
[P P |

&

Hmpalnpalnt=)

=

PAverage fob 2 aresees.
2 Avprpee for sl hinaks,
T Average for hoth counts af sarrl.

"Apprecklion bs egpressed o B ML Fessenden, genernl magager, g WL F. Odom, Hen-
crnl superiplemdent, of {Le Savies Bitbmore Bisaeherios, iHitmore, N Tor covperntion
extended I Nuishing the Labrivs and wnking the sheels in Seplmnber 19989,
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TapLE +.— Perceniuge of moistire regein in samples jeken at differend processes
in the munufacture of sheeting from the 4 seiected cotlons

Maoisiuro regain

Kind of sample Goott | airdgiine |Strict Gaod

Middling | ° 0 108 | Ordinury

{No.3) No.5) | ¥No.R)

Percent fereent Fooent
Raw stoek {baled o ooee i . 648 B 4d AL
Raw stovk (o). ... 6. 67 782 4. 87
Breaker pleker inp - G. 14 5 & 50
Finfsher picker lnp.. 6. 89 6. 78 . 55
Cardlap o, _ G. 5 [ o
Card sltver 1. 0l G. 55 i
Drawing shver 1. - 588 G. 84 3.8
Fine frame rovin . a-- 8,78 5,00 [
Roviog inspiningereel 2. aiiaon 750 .73 T4
Yarn oo oo R e mmmmamm e 7.88 798 .44

1 Average of 2 samples. )
t Averuge of 2 saniples recled and weighed iminedintely.

METHODS

(1) Moisture regain: Samples weighing 20 grams cach were taken
at the beginning and at successive stages throughout the manu-
fucture of the varns. These samples were dried to a constant
weight in an oven at 221° to 930° F. according to the methods
recommended by the American Society for Testing Materials (3}
The regain is obtained by expressing the loss in welght as a per-
centage of the dry weight of the sample.

(2) Fiber length: Samples from the raw material and from
the products of successive stages of manutacture were sorted  ac-
cording to length on the Suter-Webb sorter, as described by Webb
(54). und the length at the 23-percent point in the cumulative
weight-lengih array, reading from the longest fibers, was used as
a Dhasis for comparison. The results obtained by two or more
sorlings were averaged.

(3) Percentage of waste: At each mannfacturing process in which
the removal of waste s of primary hmportance, weighings were
made of stoel fed, stock delivered, and each type of waste removed.
From these duta the percentages of waste for each of the three
Jots of cotton were caleulated.  The small diserepancy usially noted
between the weight of stock fed and the sum of the weights of
stock delivered and waste recovered is accounted for by invisible
Joss or guin. Such losses or gains usually contribute so small a
percentage of the waste content of cottons that they may be regarded
as relutively insignificant.

(4) Strength of yarns (skein): 25 sample bobbins of cach twist
ind number of warp yarn spun were used for strength and size
tests.t Skeing of 120 yards each were reeled from the bobbins and
allowed to condition for at least 8 hours in an atmosphere
of 65 percent relative humidity st 70° F. Buch skein was then
broken on a standard type, motor-driven yarna tester and sized on a

» 'I'ho[%(-s!s wore ntpde in bie lnboralocles of the Divlsion of Cetton Marketing at Wash-
inglon,
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direct yarn-numbering quadrant.®®  Since it generally is impossi-
ble, for 1 number of reasons, to spin a specified size of yarn, the
breaking strengths were adjusted to the specified size according to -
the usual custom by assuming that, within small limits, they are
inversely proportional to the size.

{5) Strength of yarns (single strand) : Five bobbins each of 21s
and 28s warp yarn spun with a 450 twist multiplier from each of
the three lots were conditioned for about 4 hours in an atmoesphere of
65 percent relative humidity at a temperature of T0° to 73° T
Approximately one hundred and fifty 12-inch lengths of yarn from
euch bobbin were broken successively on & Moscrop automatic single-
strand yarn tester,

On this machine 2 12-inch strand of yuarn is grasped at une end by
a movable jaw, the other end being attuched to a calibrated spiral
spring. Tension is applied to the yarn and to the spiral spring

(ENR L A S B

o Y I N .. .
5 5 35 45 55 &5 7% 5 I5 2% 35 45 55
HUMBER OF TESTS RUMBER OF TESTS

Fiarug 1.--Section of Moscrop chart showing streogth of single-strand 2is yern, 4.95
twist multiplier, spun from the selocted colton of Middling {No. 0) grada.

65 75

until the yarn breaks. When this occurs, the maximum clongation
of the spring is recorded on x chart by means of a needie point which
pierces the churt, the results being read directly in ounces. igure 1
shows a section of the type of chart used in connection with this
machine,

In this test the data vecorded on the perforated chart were later
assembled in tabular form, and the average strength of varn ok each
lot was calculated. The averages thus caleulated were corrvected for
the exact yarn number (21s or 28<) by ussuming that, within their
unges, the strength of the yarn is inversely proportional to the
count. In making the corrections the uverage sizes of the 95 skeing
of 21s and 28s ynrn, respectively, spun with a 450 twist multiplier,
were used. '

1% When the balance does nol indlente the sizv directly, the yrrn gize or nimber may he
ailenduted froin the formmlie:

Length in yords .
of single ynrn TG {rmibos I L pound}
Welght T oprrning © R0 (¥irds per Dok of ool fen yain)

Tary slze or nuniber=
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{6) Brilliance: Measurements of brilliance were mude on the raw
material and on products of succossive stuges of manufacture by
means of a Xeuffel & Bsser disk colorimeter. The instrument and
the method have been described by Nickerson, (41, 42, 48). Briefly,
it consists in so adjusting the aren of » set of four color disks that
the light coming from them is equal in hue, brillinace, and chroma to
that coming from the sample. The colors from the disks are mixed by
a rotating prisn, and adjustment is facilitated by comparing the light
from the fwo sources on adjacent half-circular fields. The expros-
sion of briliiance is made in equidistant units from black to white, as
illustrated in the Munsell Book of Color {38).

(7) Spectrophotometric measurement: Spectrophotometric meas-
urements were made on a Keuffel & Esser color analyzer, the reflec-
tions at different wave lengths being expressed as a fraction of those
from a magnesium carbonate block, as described by Keuffel (37).

(8) Tensile strength of fabrics: Fifteen samples of fabric were
cut warpwise and 15 fillingswige from both the gray and the finished
fabric woven for each of the three cottons. Three samples, each
approximately 7 by 114 inches in size, were conditioned overnight
in an atmosphere of 65 percent relative humidity at a constant
temperature of 70° F. The “strip” method (3} of testing the
fabric was used, each specinien being raveled to o width of 1 inch
before being tested. The fabries were broken on a regular power-
driven tester of the inclination balance type, with the jaws of the
machine set 3 inches apart and the bottom or puliing jaw moving
nt a rate of 12 inches per minute. For purposes of correction. the
actual constructions of the cloths were determined by counting the
warp and filling threads per ioeh of fabrie, observations being
made in six places on large samples of both the gray and the
bleached fabrics,

{9) Bursting strength of fabries: Three specimens of each fabric
were exposed for at least 3 hours in an atmosphere of 65 percent
relative humidity at about 73° ¥, Each specimen was then tested
in live places on a hand-operated Mullen bursting-strength tester.
From the data for bursting strength per square inch thus obtained
mm average was cafenlated.

RESULTS OF TESTS
PERCENTAMIB OF WASTE REMOVED AT CERPATN PROCESSER

The percentages of each type of waste removed from each of the
cottons by the pickers and card, based vn net weight of cotton fod
to these purticular machines, are listed in table 5. Figure 2 shows
graphically the percentages of the fractionated and total wastes based
on_the weight of cotton fed to the opener breaket,

Examintng the resnits for fotal visible waste for the three 1-inch
cottons, it is observed that o waste of 640 percent was obtained for
the Good Middling grades 6.06 pereent for the Middling; and 12.99
percent for the Strict Good Ordinary. The percentages for Good
Middling and Strict Good Ordinary arve well within the range of
those usurlly obiained for sieh grades vider similar picking and
carding conditions. That for the Middling votton, however, muy
be considered somewhat low for (his grade. These comparisons ave
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mude on a basis of a large amount of duta compiled at the spinning
luboratory and of ohservations elsewhere,

anLe S~ Pereentages af the different types of wrasie removed by the pickers
and. e eard in the manufacture of the o selected eobtons

Wisste pereentago !

Kiod of waslp
G| . Strlet Gooid

Middling ‘\(1{{:2"',';3 Ordinary
(No. 8 O {No, 8)

Prreent Pereent Pereand
Q.07 0.3 104

R it ]

Cisible L PR . LB .68 Loat
Tovisible. .. . - . . L )

Card waste:
Flnd strips. . - ... ... . R R AT P 430
Cxlinder and Jeler strips.. . . .. . A LT
Motesnnd fly___ .. . __. .. o . 5.0
B T RS e Mk L U5

TOI VISIHC . o e ) N 5. .04

Totnl invisible, © o eieae el . ! 41 fit

Picker amd tard waste:
"Polal visible. ..
Tatel invisible, . . .o ... ..

! The wuste perceniaga {or ench clenning machine is hased on the net weight of eolton fad tg (hnt pur-
Ucular cleaning machine.  The pereeniage of tatal ¥izible weaste reineved by e pickers nnd end onunks
100 times ihe suan of the pounds of waste removed by the pickors amd eard divided Dy the ned weighi led te
Lhe gyrener picker.  1nvisible wasto 38 Ggured sinnilacly,

2 Imvisible gain,

FERCENT OF WASTE
] 8 il

G000 X
MIDDLING -- -
{No.3) I

Lamenmrd

MIDDLING
{No.5)

STRICT GOOD
QORDINARY
(He.B)

||

e
-Opener-brrﬂerwasre mﬂnkﬁ!r—pkﬁ?ﬂwﬂf Cnrm‘amsre L_}mw'sr'b!ew#sre

meune 2—"0Cereentages of picker and card waste [vom the three selected cottons,  (Based
on net welght Tl to opener.)

CHANGES IN FIBER LENGTIL DURING MANUVACTURE INTO YARN

The lengths of fiber at the 25 percent point in the cunulalive
welght-length arrays for samples of the raw cotton and for those
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taken at certain stages of processing from each of the three cottons

tested are shown in tuble 6.

ALy U—Leagth of fiber fn the ruew stock and proditels frone cerfain sucees-
A . !
stve stages in (he manufacture of 248 warp garn from tiee 3 selocted cottons
B

Lenpth of fiber
Kind of samplg
CFnod P Striet Good
Migdling | N04I0E | Ordinary

(No. 3} =0 {No, §)

Inches Inches Tnehes
Raw sho0K . . oo e e iaanan 1001 1. 422 0. (1B
Breaker picker lun___ - -- 1003 1. 025 L
Finisher picker lnp.. . L 9ng 1077 i. 007
Fine frama roving. . . 1. 015 1. 040 1.017
A R i) L.mg U

m: Length ealenlated ul the 25 pereant point in the cumulative waight array, reading from the lancest
Crs.

The standard errov of the difference between any two reported
lengths is about plus or minus 0.018 inch. With this figure in mind,
it is seen that the fiber length of the different products from the
Good Middling cotton did not change significantly during the course
of manufacture, nor did the Strict Good Ordinary cotton change
significantly prior to the spinning process. The Middling cotton
fiber length appears to have increased at the finisher picker lap and
to have decreased again during the spinning process. But the smait
quantity of waste removed is not sufficient te explain this apparent
increase in length at the finisher picker, DBesides, no corresponding
increase in the fiber lengths of the other two grades was noted at
this point. Tt is conclucled, therefore, that the greater fiber lengths
for the finisher picker lap and fine frame roving in the case of Mid-
dling cotton resulted from slight errors, either in the measurements
on the products or in failure to obtain representative samples. It is
of interest, however, that the relationships of fiber lengths in the
yarns are in general agreement with those in the raw cottons.

END BREANAGE DULRING SPINWING

The nwiber of ends breaking per hundred spindles per hour for
the 21s yarns of 4.50 twist multiplier are shown in table 7.

TaARLE T—End treakage per hundred xpindles por hour during spluning of the
S sefected entions

Tne hreakaiyo !

Count of ¥arn Chond Stri
s ot Chood
Midiling “ﬂgdh..';“ Ordinary
(Mo, 3) a9 {No. 8)
Endx Enids FEndy
Q5. ... .- B T .05 0,84 1.4l

T Approxinntely 2,100 {g 2,400 spindle bours invelved in eaclt case.
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The results for the three selected cottons are seen to inecrease
directly as the grade beconies lower.
STRENGTH AND JRREGULARITY OF WALP YTAHRNS (BKELN)

The brealing strengths of skeins prepared from 21s and 28s
warp yarns for each twist multiplier for each of the § grades are
shown in table 8. The skein strengths ure plotted in figure 3.

PTaprLe S—Awerage sfrenglh of yarn per skein Yor the 3 seleefed cottons

Strenpth of yarns

Twist :
muktiplier Ciood e Blriet Good
Middling | N{g’éﬂ‘fgk Ordinary

(No. 3) : {lNo. B)

Count of Farn

3,0 115.7
4.5 . 8,
1y ! . 9.

AveETane e J T . . 7.

Pounds | Pouals Ponnds
3 a7,

64,
G5,
ti4,

| § |

we 0,

-Gpaa' Mkdiirg % Mrcithng [722] stret Govd omtimary

ViU L—-dverape slrengths of yien detorminad by 1he siceln metiod for three twisis of
s and of 28 wirp yurts peongfaeiassd frome Lhe theee selecled coltons,

By reference to table 8 and figure 3 it can be seen that the skein
strengths of yarns spun from the Good Middling and Middling cot-
tons are approximately equal and much higher than those from the
Striet Good Ordinary cotton. The close agreement of the strength
of the yarn from Middling to that of the yarns from Good Middling
probably may be considered by some to be due to the slightly greater
staple length of the Middling bale. However, on a busis of several
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hundred bales of Asmerican upland cotton. ranging from 43 to 134
inches, spun in the laboratory at Clemson College, h-inch increase in
staple length has given on the average for 225 yarn an inereuse of
only 2.07 pounds, or 2.15 percent, when based upon the average
strength of 225 yarn spun frony L-inck staple. Tt s olvious. there-
fore, that other reasons account for the close agreement. The two
higher grades produced yurns of exceliont strength forr cotton of
their length, whereas those from the Jowest grade are considered
fair. These comparizons also are made on a basis of results compiled
at the spinning laboratory.

The irregularity of yan as indicated by the highest, lowest. and
average skein-breaking strength and size, and the average deviation
and extreme variation of both breuling strength and size, for 21g
warp yarns spun with 4.50 twist multiplier, are shown in table 9.

TanLE Q—Highest, fowes!, gnd troruge bregling strengtiy and sizcs and per-
ceniage of uveruge dewintion and cofrome rarigtion. of Wrevk ond size of 2is
wttrp garns of J.00 Lcist mutiiptior spun from. the 3 sefceted coltons

Averypn fxtrema
devintion! virintion ?

| Bresk-
I

|
Breaking sirempgtie | Yurn size I
' |
I

]
i
1 Size of +

¢ Tireak-
t |' varn

; o | 1
High- [ Low- | Aver-  Highe © Low- | Aver- ;
esL [ el ¢ oape? sl 1 oes 0 opped |
. ] i

Size of

iniy
steenieth yara
L}

Islreﬁgth
|

. H B '. [ H
CGood Middling Poum!n]!—’amufa] Paunds Cowad . Coumt & ount ' Percent | Pereenti Poreent \Prercent
(Mo, S I s o0 P W' 34 [oLesl o 572l s
Middling (No, 5)__1 26 |11 ' G 200257 WG 2041 383 LG8 16U 8.5
Striet Qopd Ordi- | i t i ! '
nary {(No.By.__. 105! w2 .75
i ' . H

W WH B4 LGT. ML m

1 Celevlated hy swnmating ail deviations frem the mean withont repard to sign, then aversgiog aod
expressing as a porcentage of Lhe menn.

* Expressed as a percentage of the meng.

¥ Average of 25 chservaliony.

The differences in irregulnrity are seen to be small, any advantage
of regularity being associated with the yarns from the Strict Good
Ordinary bale.

BTRENGTH AND IHREGULAHITY UF WARP YARN (8INGLB BTRAND)

The corrected average single-strand hreaking strengths and per-
centage of average devintion from Yis and 28s warp yarng of 4.50
twist multiplier are shown in table 10 and presented graphically in
figure 4. Frequency curves of the breaking strengths of the 21s
yarns are shown in figure 5 and of the 98s yarns in figure 6. These
curves show the relative dispersion and skewness for cach of the
three grades.

The results of the single-strand strength tests, insofar as the rela-
tive order of yurn strength of the three cotlons is concerned, confirm
those of the shels tests. The cottons of the Good Middling and Mid-
<IIinF grades gave very nearly equal strengths. whereas the eotton of
the Jowest grade. Strict Good Ordinary, gave yarns of considerably
lower strength, In the cnse of the 21x yarns, the strength decreased
in the order of grade; hut for the 285 yurns the intermediate grade
furmshed the greatest strength, and the lowest grade exhibited the
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least strength. It is well to point ont that, as sized in the skein,
the 28s yarn from the Middling cotton was about 2.5 percent heavier
than that from either of the other two grades.  Since no correction
to speeified size was employed in the amlf]v yarns, this probably ac-
counts in part for the change in the order of strengths.

PamE 10—Arerege shrongll of siggle-sirapd 2fs gud 28 warp g of 450
tiist mullipliers. and pereeatuge nf dverdge deviction of yern sirength for
the Jd selected entions

Strengel of warp

varns | Average devintlan ?

2% } L als

Javer
A
?
-

| Qunces | Oviees § Percent !
Cigod Mul:llm;, [ T PRI A7 F 10, 7 4
Middliag (Ne. & . | HY Y G 11
Biries Gowd Ordinary (No.#) . . e B ? 93!

! Ju-erlpe hased on qmlmmml.e!s 775 individual breaks wade by Maserop Legter.  Average counts of
25 skein olservations rrale (1 Che resperive Forms were nam s o hasks in correctiog Uhe dao,

# Culeuluted by summnting all devisrions fronn the nwson withoeot regard (o sign, averyeiog, and expressing
s pereeitbaee of the e,

STRENGTH OF WARP YARN 11t DUNCES [SINGLE STRAMD)
9 r2 ia

| /////
.
- Grad Wa'dlng @ Mudetling 5”&‘:“ o Grfenary

Primus 4. Averiee steengihs of yuren degernbiisd by rloe single-sieand Meserep tesber for
A Wi yorns, LA50 (wis s lChtier, wanulaetered (rowe the tweee seleeted cattons.

Relatively. the results of the singlestrand strength tests for 21
yarng show a slightly sreater difference between Goad Middling and
Middling than do the skein strength tests for these grades (flﬂ“s 2
apd 4), It may be calenlated from the results of both methods of
testing upon both connts of yarn that the strength of yarns spun
from the Strict Goud Ordinary cotton ranges frot 10 to 18 percent
below that of yarns spun from the cofton of Gooil Middling grade.

Data having been presented concerning both the skein und the
single-strand str ength of the yarns, it Is ot interest to ascertain the
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relation existing between these two sets of values. A skein of yirn,
as placed on the usual type of strength tester, contains the equivalent
of 160 single strands of yarn each 27 inches in length. Theoreti-
cally, if all the individual strengths were realized in breaking u skein.
the ratio of skein strength to single strand strength would be 160: 1.

PERCENT
OF BREAKS
Steect Good
Oettengry tNa, &1
30 —
Meddting Mo 5)
e 7
!
20 -
10 o Orod Middfing ———
W\, o Mo 3}
ey
'
~
=
[o] _: i [ ! | Ml
9 i 13 1% 17 12 21

STRENGTH OF 2is WARP YARN IN QUNCES (SHIGLE STRANDC!

Flaues 5.—- DHstribution of streagibs of singlo-straod 21 warp yaren, 450 fwist multiplier,
wanbiactured frow the (hree sefeeted eotfons.  Buch curve represents zpproxlmutely
TTH observaiions s regorded by the Moserop ester, Queves were druwn trom origingd
data wiich were nol eorvecled Tor sive of ynrmn.

PERCENT
OF BRE/KS
/ Good Muddiing (Mo, 3}
30 :
Etrict Good -~ Auktierg {Na 5)
29
¢
o ] n =
5 F | 1! 13 15 17

STRENGTH OF 285 WARP YARN IN OUNCES { SINGLE STRAND }

Frovee 8, - Dintribution of strenpgihs of siugle-sivnnd 282 warp pars, 4850 twist multiplior,
manufuctursd from three sebocled coflons.  Eueh gerve represents approglmately 575
obmprvrtions us vetorded by the Moserop fegter.  Curves were draw from originad
dutn wihieh woere ro! coreeried for slae of yarn,

This ratio is not actually realized. however, since there is a tendency
Tor the wealter strunds to break first, followed by slipping of many
of the stronger threads,  The ratio of skein strength to single-strand
strength for each of the yarns under vconsideration under the con-
ditions of tliy test is as shown in table 11,
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Tantk 11.—Rafio of skeln streagih (o single-sliraind strengih

Bire of yarn

215

00 i1
12,01
1 1

1

Gend Middling (Ne. 3) . e e i idreiai = e e e 1
Mifdling (No. 5 . L e e e el 1
I
1

3
Al

a0, u:

Strivl homd Urd:nu’} (N0, 5.
Thearetion .. .

The results of this test indieate that in the case of 21¢ yarn o
greater proportion of the single-strand sivength was realized in the
'-.]\9111‘2 ns the grade became lm\m, whorens for the 28« yarn the
reverse was the case.

As in the case of the skein strengths. the 21s yarn from the lowest
grade was most regular; but in the case of 28¢ this grade gave the
most irvegular yarn, followed in order by the intermediate and
the highest grade.

COLON MEASUREMENTS OF RAW STOCK. TXTHERMEDTATE PRODITCTR, AND FAMRICS

Color measurements were made on -.1|npll-~ of the cotton from
the raw stock, the hreaker and finisher laps, and the finished gray
and bleached matertal, The relation of brillinnee to grade, as the
raw stock pussed throngh the breaker and finisher and then into the
Em\' and blenched cloth, i~ shown in table 12 and graphicuily in

gure 7,

Tanne [Z—Brittiunee of rie stoek, verfein intermedinte products, and fubries
waditfactnred from fie d solected cotfons

Hrillianee 1

Kind af saniple , ' Srpioa €3

L “Hm“m htnc—t(mo'(i

S Middling | (NG B Ordinary
INoLy 48 N K)

fn ._.__f

1

TRaw stock . .. U L3 I
Hrenker-pickec Inp

Finishor-deker lup

Urny vloth

HWeavhed clath

R W]
-1

E5E

VEenbe of brillinsee extends from 0 thlark) (o 10 (adnte..

An exanmination of the results shows that the brilliance of the raw
stock wnd of products varies with the grade: that js. the higher the
grade the greater the brilliance.  Generally, the Middling cotton is
nearer in brilliance to the Good Middling cotton than te “the Strict
Good Ordinary. The breaker-iap samples reasitred - trifle darker
than the raw stock, perbaps owing to the faet that the cotton was
opened up amd the trash loosened, ‘31:11p1vs from the Anisher-picker
lap showed up brighter than those from either the bresker-picker
lap or the raw stock, indicating that some of the trash had been
removed.

14851 °— 34 ——2
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The brilliance measurements reported for the gray and bleached
cloths are the result of determinations made on a sumple of several
layers stretched over a white background, sufficient layers being taken
to overcome any effect of the background. It is scen that these figures
ave in all cases lower than those of the finisher-picker lap. ‘This is
owing, no doubt, to the fact that the cotton, although itself a trifle
brighter, in the forim of cloth caused more shadows than oceurred
in the finisher-picker lap.  The measurements of the gray cloth indi-
cate a difference in brilliance between the Good Middling and Strict.
Good Ordinary cottons which is comparable to the difference in the
raw stock.  Adfter bleaching. the brilliance is raised considerably, the
Iow grades being raised relatively more than the high.

BRILLIANCE

Aaw
stocx 22 T |
| | | 1
BACAKER xTYY 3 :
LARP

FIMISHER |
LAP

GRAY
TABRIC

BLEACHED gz :
RN 07777777777770772727 2 i A A 0T s,

PR [P R | S I .. e b L

Gaad Muddhng Megdting g “Stnct Gord Grinory
. B (vas (e8]

IiGeng 7. - Brillinner of the raw stock of certain Intermediate produets, of the gray, ol
of flwe Bleaeled tiheies wanufictored teom (he teeoe seleeted ool tons,

Spectrophot:metric measurements ' of the reflections at each of
seven different wave lengths from the gray and from the bleached
cloth are shown in table 13 and preseuted graphically in figure 8.

These measurements of reflection by wave length. when ploteed
on a logarithmice sexle. show resuits very similar (o those obtained
from the brillinnee measurements. Brillinnee is measured in units
cqual to the eye and bears o definite relation to pereentage of light
reflected. It has been thought by some to hear a logarithmic rela-
tionship and. although this does nol agree precisely with the
Munsell scale, it is used in figure 8 in order to show the general
relationship.  The two sets of figures cannot he precisely adjusted,
since the iHlmmination under which they were measured and the
thiclness of the material differed for the two measurements. The
grades maintain approximately velative positions with respeet to
relative reflection of the wave lengths measured.  The reflections of
the gray cloths, whieh are a light dull yellow In color, were less
from the blue end of the speetrum than from the red end. The

1% Those mepsnrements wote made on o Keuffel & Esser c¢olor annlyzer through the cout-
tesy of Corl W, KeofTel,
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bleached cloths gave a mneh higher refative reflection throughout
the range of wave [engths, and the reflections did vot differ appre-
viably for the different wave lengths. Tlus 1= o Tact which corre-
sponds to their whiteness, since the higher amd flatter the curve, the
whiter the color,

‘PABLE 13.—Reficetion ol differeni aeuve tengihs of grag and of Weached etuth

>

i faefured fronn the 3 selected cattons

Rellecion |

Whaye loopth o oy

1 1amped : ;‘lei('[ L ISIrict,
" Tincdling Muldlipg Goad Or- # tioad Or-
L"l\'i: _'iTJlL w5 dinary No. 3 {Nn.at . dioney
e L N0 H L (N 8)

T Coend

1
0.1 1 Y]
T B
M
. S LN
T+ L _sn
N Lo R
A7 Tl RO

! Resalts espressed relutive ta the relleetion of muenesitin carbunge.

REFLECTION YT TyTITrTTY
CLOTH [ .
i

.90

LB0

PP T Al
\'- tgi g g .-s,lt
o

TNENEEN SRR

440 460 480 500 520 540 560 S50 60D 620 640 660 680
PURPLL BLUNL —— WAYE LENGTH EMILLIMICRONS ] —= RED

Fuil i S Relmdve speetril refleviaoee of gray and Weacled Inbeles mavnfaerured [rom
the pbree selerteld coltos,

FOREBIGY MATTER IX T FAREICS

The gray fabries from the different grades ditfered noticeably in
their appearance fo the exve in color, luster, and amount of foreign
matter present on ihe surface. The gray fabric prepared from the
Good Middling cotton was a bright. ereamy white, with a very smuail
quantity of fine pin trash. That preparved from the Middling cotton
had a shghtly daricer, grayish-yellow cast, mueh duoller than that
made from the Good Mididling cotton, and the trash was a little more
notiveable. ‘The gray fabeie prepaved Trom the Strict Good Qudinary
cotton had a <Gl dacker, graysh-yellow color aaud considerably more
Pin trash than that from the Middling cotton,
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‘That o quantitative relationship between grade und surtace foreign
mafter might be established for the gray fubrics. the average number
of purticles of tzash in a surface avea of 9 square inches was de-
termined, This was flunv by placing a mat with a 3-inch square
opening on the smooth surface of the cloth und counting the particles
in each of 20 such areas. The average mnuber (]'E ])dltl(.’l(?‘-» ot foreign
mutter observed per 3-inch sgquare on the gray from each of the
three grades was as follows: Arcrage wumber of parti-
Slog por d byt S-ineh s e
Good Mideting (No,

Middling (No, 3} oeooee . .
Strick ttood Ordinary (No. 8) . ..

The bicached samples from each of the three grades differed littie
as to pin trash. practically all of this matertal having been renioved
in the finishing process. When the finished fabries were placed side
by side, however, a difference 1 eolor and luster between the Good
Middling and Striet Good Ordinary cotten wus cagily discernible.

Differences between the fabries from the Middiing cotton and those
from either of the other grad® were much less noti(.elbic

TENSILE STRENGTH GF THE FABRIVS
The averages for the number of threads per inch both warpwise
amd Hllingwise for the gray and bleached fubries are shown in table
14 and the corresponding strengths are shown in table 1.

PTagre H—Cuastructivng of yruy aud bicaehed foabries moanufactared from the
dosedeeted collons

Threads per ingly !

Gy Btepched

Warp-  Filling- o Warp- hl!mg-
wisi wise wist - wisp

‘ . . e ——

\umbu Nuetler 3 Numbe 12 nmb:r

I
| v
Food \hddiun.'(\u 3. . : (1338 I
Middilne (N6 5 . i 03, I

Striet Giaurl ()r(iumry {No & il i h!]

+ Eacl nverage represenis # lii!\t‘l’\l\lltm“
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It may be seen from table 14 that the number of warp threads per
inch of the finished sheetings was considerably higher than that of
the gray whereas the number of filling threads per inell was more
nearly the same. This change in construction is_explained by the
tuct that, in the finishing process, the fubrics shrank on an average
of 10 inches in width, from 72 to 62 inches. the length changing but
slightly, approximately 3 percent.

Table 16 and figure 9 show the figures of table 13 converted to a
comparable basis, namely. a construction of 64 by 64 threads per .
tnch.  The corvected tensile strength of the fabrics in all cuses, ex-
cept that of the bleached fabrie tested warpwise. decreased with the
grude.  In the case of the exception noted. the fabric from the Good
Middling had & somewhat lower strength than that from the
Middling cotton but a considerably higher strength than that from
the Strict Good Ordinary cotton. In all cases the fabrics from
Middling showed a strength mmeh closer to that of fabrics from
Good Middling than to that of fabries from Strict Good Ordinary.

Tane W—Correcled tensife streagth of groy and  bleacied fabrive wmanu-
facltured fruom the 3 seleefed catlons
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On an avernge the corrected strength of the bleached tabric,
as determined by the strip wethod, decreases 6.9 pereent Warpwise
and 19.5 pereent fillingwise,

BURBTTRG STRENGTH OF FHE FARRICS
The average bursting strength per square inch for the gruy and

bleached fabrics from each of the three grades is shown in table 17
and figare 10,

Tanre IT-—drerage bursting stregih of gray and Blovched fabrics mdn-
fuetwred from the 3 selected coltons
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1 el nverpge represents 15 tosly iede on a Moblen tester.
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ety grernge af 15 observitions.}

The results show very little diflerence in strongth hetween thoe
fabrics, either gray or bleached. manufactured from the Good Mid-
dling and Middting cottons. The fabries manufuctured from the
twe higher grades were much stronger thun those manufactured from
the Strict Good Ordinary cotton.  The finishing process apparently
lowered the bursting strength of the fabries about one third., Fop
the grny Tabrie, it was observed that in the majority of cases the
filling threads hroke as the fabrie burst, whereas in the Anished {al-
rics the warp threads broke in every instance,
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CONCLUSIONS

The more important results obtained in the manufacture of the
three selected cottons into sheeting and from certain studies made
on their fibers, intermediate products, yarns, and fabries under the
condlitions, as describod, ave Hsted as follows:

As compared with previous results obtained from cottons of the
same grades and similae staple, the pereentagre of waste removed {rom
the Good Middiing and Strict Good Ordinary cottons wag about
average. On the other hand. the waste from the Middling cotton was
somewhat lower than would be expected for this grade.

The Tength of fibers differed slightly for the three bales, that for
the Middling bale heing a trifle longer than that for the other two.
Omn a basis of previons results, however, the small differences in length
of raw cotton would not be expected to account for the relatively
higher strength of the products from this bale.

The length of fibevs from the three bales of cotton did not change
appreciably in the comrse of the manufacturing processes,

Fhe number of ends hreaking per 100 spindles per hour inereased
ax the grade became tower and was more than doulile for the Striet
Good Ordinary than for the Good Middling cotton.

Both skein and single-strand lests on 21s and 28s warp yarns
showed the Good Middling and Middling eottons to have approxi-
mately equal strength. The Strict Good Ordinary cotton gave yvarns
Frony 10 to 18 pereent weaker by both skein nd singlo-steand tests
than either of the other grades of this test.

In-both the skein and the single-strand strength tests on 215 warp
yarn. the Striet Good Ordinary eotton showed slightly more regu-
Invity than for either of the other two grades. Thisx regularity wus
correlated with regularity of size in the skein tests.  In the single-
strand tests of 255 warp yurn, the regularity decreased with the grade.

The brilliance of the cottons decreased as the geade becane Tower,
‘The cottons of the three grades retained their relative positions with
respect to brilliance thronghout the manufacturing processes, hut the
spread became sonller after bleaching,

Spectrophotometric measurements of the reflection ot Light from
the yray and bleached fabries for each of the three grades agreed.
in general, with the brillianee measurements,  Fhe grav cloth. bo-
cause of its yellow color, gave u greater reflection townrd the red
endd of the spectiinn, while the bleached eloth, on the other hand.
give more nearly the same relative refleetion throughout the range
of wave lengths used,

The average number of fine particles of foreign matter in the oriy
cloth inereased greatly as the grade beeame lower, but they largely
disappeared after the finishing process.

A reduetion 1o the width of the gray fabrie from T2 inches to about
62 inches occurred as o resnlt of the finishing process, whereas the
length inereased approximately 3 percent,

The corrected tensile strength of strips of gray and of bleached
fabrics decreased as the grade bectme lower except in one case in
which the blenched fubric trom the Middling cotton tested warpwise
was stronger than the corresponding fabrie from the Good Middling.
Relatively, the tensile strength of the tabric from the Middling cot-
ton was much neurer that from the Good Middling than that of the
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Strick Good Ordinary cotton. On an average the corrected strength
of the bleached fabric as determined by the strip method decreases
6.9 percent warpwise and 19.5 percent fillingwise over that of the
gray fabric.

‘Vhe bursting strength of the gray and of the bleached fabries from
the (Good Middling and Middiing cotton was about equal and was
much higher than that of the gray and of the bleached fabric made
from the Strict (ood Ordinary cotton. Bleaching resulted in a re-
duetion of approximately 38 percent in bursting strength per square
inch for the fabrics manufactured trom each of the three grades,

Discrepancies between observation and expeetation, noted in a
few instanees particularly in the case of the Middling bale, are not
surprising when it is considered that many of the important fiber
properties which are involved in cotton quality are Leyond the
provinee of the grade factors and the grade designations. These
fiber properties, moreover, may vary greatly for a given grade and
it must be evident thai only insofar as they collectively assume
mean values for a given bale can thut bale he said to represent the
particular grade category.

SERVICEABILITY OF THE FABRICS

By Manbakey B IIavs and RurH B, BuMeuis?

In connection with investigations of varicus aspects of cotton
utilization, the Department is attempting to evaluate different grades
and varieties of cotton in terms of their relative unsefulness in fin-
ished fabrics. In this study, sheetings nuude from American up-
land cotton, selected to represent the Grood Middiing, Middling, and
Strict Good Ordinary grades, were submitted to laboratory and
wearing tests. For details of the construction and mannfacture of
these fabrics see page 6.

No investigations of the durability of known grades of cotton
when woven mto fabrics are reported in the literature although a
few studies have been nmde of the reaction to laundering of fabrics
made of cotton of unlknown grade and stuple. The effect ot re-
peated washing on some dumasks, sheetings, and shirtings was pub-
lished by Griffith and her coworkers (26) and the durability of
ginghams and five white cotton fabrices when subjected to launder-
ing was reported by Ginter and Rhades (24). Furry and Edgar
(21, 22) analyzed 309 commercial brands of sheeting und the dete-
rioration of 5 of these due to laundering was studied by Griffith
and Bdear (25). MuaeDonsld {36) yeported sn investigation by
Consumers’ Research, Inc., in cooperation with the New England
Laundries, on the loss due to washing and to washing plus ironing
of 10 brands of sheets having the largest volume of sales in 3
Boston stores. A preliminary report (3) has been published by the
Cotton Textile Institute of a study begun in 1928, 1n which 24 mll
brands of sheeting were subjected to actual service in the Grass-
lands Hospital in Westchester County, N.Y. Carpenter** aad
Miller * have compured the deteriovation of sheets washed at o

2 OappENTER, U, 15, COMPANATIVE ANALYSIS OF NINE BRANDBS OF SUEEys. 10928, [Un-
pullished mypster’s thesls,  Copy oo Ble Depl. leme Beonomicy, tinly, Chlengo, Chicepoe.)

WAlLLEL, 2. M, AN ANALYPICAL NTUDY GF COMMERCIAL BRANDS 01 supers, T,
{Ll{mul;li}uhud master's thesis. Uopy on e Dept. Home Idouamics, Univ, Chicago,
*hivagu.
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commercial luundry and in the laboratory. The effect of commercial
laundering on 24 brands of shects was also investigated by Millard
{/) in a study in which they were washed 160 times without wear.

The grade and staple of the raw cotton used in the fabrics was
not talen into consideration by these investigators and they did not
follow the chemical changes produced by laundering. In the present
study, changes in the chemieal, s well as the physical characteristics
of the sheefings were investigated.

WEARING TEST

No labaratory test has yeb been devised which approximates actual
service conditions. Therefore, in order to study the reaction of these
grades of cotton to wear, the finished sheets were put into serviee in
a2 Washington hotel,™ This hotel maintains its own lsundry and
the staff cooperated to control the conditions both of the use and the
Taundering of the sheets. Variables in taundering procedure due to
changes in personnel during the 2V years the test was in progress,
were rot significant,

Thirty sheets of each of the three grades of cotbon were markerd
with an individaal identifving nuwmber. Before being used. they
were given 2 hot rinses and 1 cold rinse to remove the finishing ma-
terial. After the excess of water was removed by extraction, they
were ironed, dried thoraughly, and put into service on a transient-
guest floor of the hotel. The beds had no rough edges on the frames
or springs which would canse undie wear.

Two sheets wore used por bed each day, the wide hem always being
placed at the head of the bedd. Tt s assimed that over 1 Tong pertod
ench was used an egual number of times as the top and as the bottom
cheet, and that the wear was uniform af any testing period.  All
sheets, except those removed for testing, were used as long as service-
able. According to the holel routine, those lanndered one day were
not put on the beds until the next day, but were stored overnight
to permit thorough drying. Approximately half of the lot was nsed
oach day so ull the sheets were in almost confinuous service even
though some of the beds were not oecupied every night.

Each morning the used sheets were collected and sent to the hotel
laundry, where they were held untit a worker from the Bureau of
Home Eeonomics arrived to watch the washing process. A record
was kept of the time required for cach suds. rinse, extraction, and
ironing for every day any of the sheets were washed. Any variation
in methed was noted on this record.

Tror the first 4 months the washing procedure was a 15-minute suds,
which was started cold and into wiich the steam was turned after
a fow minutes’ running, 2 hot rinses, each 3 to 5 minutes, and 2 cold
rinses, each 3 minutes long. Due to persennel changes in the lnundry
the method used for the remuinder of the time was a cold breakdown
of 6 minutes, & hot suds (approximately 160° F.) of 10 minutes,
sometimes another suds, depending on the load, 3 hot rinses {120°
to 180°) of 8 to 6 minutes each, and 1 or 2 cold rinses (90° to 100°},
each 8 to 5 minutes. As it was not possible to control the washing

U Acknowledignent 1s made fo Mary Lindsler, swonger of the Dodee Hotel, Woshingion,

11.C., for extenting The facilitiey of the Dotel fov this stndy, and to Panuy Jefreey, of the
hofel stafl, for copperntion In supervisipg the service and the hundering of the sheets.
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temperature sutomatically, only approximate temperatures are re-
ported.

The first year, a soap solution was used of such concentration that
the wheel contained one fourth of a pound of soap chips and one
eighth of a pound of soda in 8 to 10 gallons of water. The remainder
of the time soap chips alone were used. In accordance with the
regular hotel practice, ne bleaching was done and bining was added
to the last cold rinse only during a month each spring.

After rinsing, the sheets were extracted 7 to 12 minutes and then
ironed, selvage to selvage, through a 4-roller mungle heated with
steam at 65 to 70 pounds pressure. The sheets were always folded
by hand,

The daily vecord of the identifying number of each sheet washed
was obtained when it was folded.  Thus it was possible to determine
exactly how many times a given sheet was laundered. A chart was
kept for each sheet, breaks being recorded thercon as they ocenrred.
The area, kind of break, and number of washes at which each break
appeared were recorded.  The sheets were then repaired in the hotel
mending room and returned to service.

Ordinary stains were removed by the regulayr washing or by soak-
ing in the soap tank overnight and then rewashing. This and any
othier necessary stain-removal treatment was recorded. Sheets for
testing were seleeted at random: and of these only two had ever been
placed in the soap tank to remove stains, ©

LABORATORY TEHTS ¥

One sheet of cach grade of cotton was removed at intervals (table
I8} and tested for weight, thread count, thickness, and hreaking and
bursting strength.  All samples were conditioned at least 4 hours
betore testing m 2 room maintained at 70° I, and 65 percent relative
bumidity.  Fluidity, copper number, and wethylene blue absorption
determinations were also nade at the same test perieds.

BAMPLING

The avea, 22 inches wide and 71 inches long. most probably oc-
cupied by the body as shown in the diagram given by O'Brien and
Steele (44) was used for sumpiing (Ag. 11). Breaking-strength de-
terminations were mude with strips taken at the places of probable
maximum wear, symmetrical to the conter line and selected s¢ that no
war)y or filling threads were duplicated. The sections B, C, and D
cach supplied 5 warp und 5 filling strips and 3 bursting-strength
samples.  In addifion, the A, B. and C sections each furnished 1 aned
the D seetion £ saniples for determining the weight per square yard of
the fabric. The middle fold was tested for breaking strength in four
places both wavpwise and fillingwise. Thickness and thremd eount
were determined on the pieces used for the weight determinations.
Sections A, B, C, and D were sampled for the flnidity and copper-
number determinations. A composite sample of all four sections
was taken for the methylene blue absorptions. The remainder of
the sheet was used in the ironing study (see pp. 48 to 64).

e nusishiee cendered by Jenune D, Gueris, of the Byrenu staff, bafh et the hotel

aud o the dnbovptory, s pralefnlly sckoowlederd,  Dorls AL Duehawan, Lormerly of tine
Bureaw staff, psslsted with the chemical determingtions.
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At the beginning aH tests were made on the new fabric of each
grade. In order to study the effect of aging only, two control
sheets of each grade of cotton were stored when the others were
put into service. Every time u laundered sheet was removed for
testing, breaking strength and bursting strength determinations
were made on the stored fabric. The samples from these control
sheets were selected to he representative of the entire sheet, none
being taken closer than 12 inches to the selvage.

WEMILT, TIIHEAD COUNYE, AND PHICKXNENS

In determining the weight, 2-inch squares were stamped out
with a die and weighed on a torsion balance reading directly in
cunces per square yard. The number of threads in an ineh both
warpwise and fillingwise was determined with a thread-counting
micrometer. Thickness was measured on the same samples with a
micrometer gage graduated to read to 0.001 inch, which exerted
constant pressure on a given area of the fabrie. In each of these
tests, the average of five readings was reported.

BREAKING STHENC.IE

The strip method was sed for determining the breaking strength
of the sheets. TIn accordance with the method recommended by the
Federal Specifications Board (34). smaples were cut 134 by 6 inclies
and raveled down to exactly 1 inch. The penduluni-type testing
machine with a cupacity of 150 to 300 pounds was motor driven. the
lower Jaw traveling down at the rate of 12 inches per minute, The
distance between the top and bottom jaws, 3 inches wide Doth
front and back, was 3 inches. Warp and filling specimens were
hroken and in each case 15 values were averaged.,

BURSTING STRENGTH

The steel-ball attachment for the testing machine was ased to
determine the hursting strength. Samples were eut 4 by 4 inches
and the average of nine determinations reported.

SHRINKAGE

Each sheet was measured before going into service and again
after being removed. The length was measured in three places
and width in five, to the neurest one sixteenth of an inch. The
shrinkage was calenlated from these measurentents.

FLITIINTY AN CTRRAMMONITY SOLUTION

The fluidity (viscosity) tests were made with solutions of cotton
in cupranmmonium hydroxide at 25° C. by meuans of capillary-tube
vigseometers,  Since the details of the method used were developed
in connection with the ironing study. the description of the pro-
cedure 1s given on page 53. . )

The fluidity values were caleulated in centimeter-gram-second
units by the equation F=0(pq;?) where 7 equuls the fluidity, €
the constant of the instrument, ¢ the rate of flow, und the quantity
(£P-p) the average pressure causing flow. The value of ¢ 13 given




YARXNS AND BHEETINGS FROM THREE (GRADES OF COTTOXN 29

j . .
by the expression ng % where ¢ is the acceleration of gravity, d is

the internal diameter of the capillary tube and L, the length of the

capillary.  The quantities & and L were 0.1136 and 3.2 centimeters,

respectively, for this study. PE\-- is obamed from flow pressure

graphs (fig. 1T} where the pressure head, 22, is plotted us abscissa and
the rate ol flow. ¢. us opdinate.  The intervept on the pressure axis
gives the vield value, p.

COUPER NUNMBER

The method adopted was the same as that deseribed in the ironing
study (p. 50). Analyses were nade with 1.5 grame of the finely di-
vided conditioned materinl and the resuits are recorded in grams of
copper reduced per 10 graws of dry cotton,

ARBORIMPION (07 METIIYLEXNE BLTR

The titrimetric method of Clibbens and Geuke (14) was used, in
which the disintegrated matorial was treated with @ boffered methviene
blue solution of pH 7. The most worn sheetings absorbed so much
methylene blue that G3-gram samples were substituted for the 2.5-
gram quantities recommended by Clibbens and Genke {73). Since
methylene biue wbsorption values muy be greatly nfluenced by the
presence of traces of alkali or soup. the mauterialy, previous to the
absorption measurements. were steeped for 1 hour in 'i:U'
acid and then yinsed and steoped in distitled water antil the washings
were nettral. The absorption is expressed in millimols of methylene
bine per 100 grams of dry cotfon.

stilphuric

RESULTS

The change in weight of the sheets after the first wash was not
appreciable, but there wis a graduat Joss in weight with service,
as shown in table 18 Grade No. 8 (Striet Good Ordinary) was
always slightly Yighter than gyade No. 3 {Good Mididling) or grade
No, & {(Middiing). and the loss in wesght for grade No. 8 at 210
wishes was the same as for grades Nos. 3 and 5 after 240 washes.
Fhis seems to dndicate that after a loss of 20 percent (0.8 ounce,
approximately} sheets are no longer serviceable. These three cot-
tons were alt made 1nto sheets of medinm weight, so no generaliza-
tion can be mude as to what might apply for lightweight or Lieavy-
weight sheetings,  In the order of increasing weight, the grades
ranked Striet Good Owdinary, Middling. and Good Middling.

The values for threpd count are also given in table 18, The
number of wurp threads per inch deereased. while the number of
filling threads increased with washing. This change was expected.
a5 the sheets were shrinking in length and stretehing in width.
All the fabries showed a trend toward the same number of threads
m both warp and filling directions after 125 washes. As shown
in this table thickness Increased with the first washing due to
shrinkage. In all cases the variation in thickness was slight and of
the same order as the errer in measuring,
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The average breaking strengths of the 3. Coand D seetions and
middle fold of the sheets after various periods of wear are shown
in table 19 and figure 12, In all three grades the breaking strength
of the 13 section was alwayvs the lowest. while the € and D secrions
were of the sume order,  Contracy to the results of an analysis of
sheets previousiy used at the hotel (44}, the strength of the middle
Told was no lower than thiat of the section from which it was taken.
The Strice Gowd Ordinavy shects had o lower initial Lreaking
strength, but the general downward trend was the same for all
three grades,

The loss in breaking strength as comparved with a new sheet of
cach prade is given in table 20 and plotted 1n figure 13, The greater
loss in the breaking strength of the warp up to 75 washes is probably
due to the loss of sizing. X comparison of the loss in strength of
sheets washed once and 75 thmes shows thet approximately half the
loss in the warp dwring this inferval taolk place in the first wash s
did ulmaost all the loss 1 the filling,

A lanndered sheet would appear relatively slronger as a result
of shrinkage. For comparison. therefore. the average breaking
strengths were caleulated for a 64 by 64 fubric, which was the gray
specificrtion (table 21}, Fhe index value, the avernge breaking
strength in pounds divided by the average thread count. wus con-
puted for Loth the warp and filling directions {table 22 and fig 14).
The strength-weight faclor, the sum of the warp and filling breaking
strength in pounds divided by the weight per square yard in ounces,
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18 plotted in figure 13, By both methods of comparisou, grade No. 5
15 higher than 3, which in turn is above 8, except for the inversion
of 3 and J at 123 and 225 washes,
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and after 75 washes are within the range of the values for the con-
trols as determined at different test per iods. There was, howeyer, o
continual drop 1in bursting strength after 75 washes. This is shown
more clearly in figure 16, m whith the values of tabie 23 are plotted.
There is a correlation between hursting strength and fabric Trilure,
Breuks appeared when the bursting atrencrlh was approximately 28
ponnds,  This oceurred at 125 washes for ht:ut (Good Ordinary, 165
washes for Good Middling, and 175 washes for Middling (ottnn. and
porresponds to the average time of first Lreak. as shown in table 24.

TANLE 22— Fndeg, shrinkage, and strength-weight faetor for new and loynderea
sheetings msnde from the 3 seleeted caotiosy
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The shrinkage for sheets removed from service i shown in table
25, and indieates that afier 75 washes the change in dimensions was
very slight. Apparently the gmain in width was caused by always
ironing “From selvage to L.ol\'lﬂfe ‘This agrees with the observalions
of Me(low (-43). The rimnifv in aren is slightly greater than that
reported by the Cotion Textile Institute ( ). The variation in

shrinkage for the three different fabries is not significant.
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Nene of the controls of all grades which were stored showed a loss
in breaking strength during storage. Any variations noted in the
breaking strength were of the same order as those due to sampling,
The difference between the values at the beginning of the study and
the average value of the controls in cach cuse is insygrmificant.  Buresi-
ing strength does not show any varistion that ean be atiribated to
the effects of storing,
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The life of the sheety ax measured by the number of times laun-
deret is given in table 24 The six of ecach grade used for testing
are not included, When, in the judgment ol the workers, the sheets
were too weak to darn or patch, they were removed from service.
Since this personal element was involved, the distribution of the
thne of first hreal was aleo studied nnd is reported in table 24, This
first brealt may have heen due o accident as well as actual wear.
However, a study of the life of the sheets and the time of frst break
shows that the Middling cotton wore slightly better than Good
Middling and hoth of these outlasted the Strict Good Ordinary
cotton.

A siwmmary of the record charts showing the location and types of
breaks indieates that the naximum wear oceurred in the B seetion
and at the selvages for all three grades, The majority of breaks were
due to the failure of the filling yarns. Bince the sheets were put
through the mangle crosswise. ereases resnlted parallel to the sel-
vages. This weakened the material so that in most cases the selvages
were removed eventually and the sheets hemuned.  In some instunces
breaks even ocenrred along these hems, '

The values for the floidity test, which is & measare of deterioration
in cotton, arve given in tahle 26 Tor the tloee sheetings, The results
show that initially the Good Middling and Middling cottons are of
the same order but that the Strict Good Ordinary is wealer.  In the
cage of all three of the seleeted eottons there is n significant inerease
in fluidity with service.  The appreciable rvise in this quantity after
the first wash may be attributed to partial removal of starch and
other sizing materinls. The values for the Strict Good Ordinary
cotton indicate that the varintion heiween sheets may be greater than
the amount of tendering resulting from 16 washes.

Flow-pressure relationships for the cuprammonium solutions of
the three sheetings are illustrated in figure 17 where avernge rates of
flow for the four sections ave plottel. The slopes of the lines increase
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with fluidity, since rate of flow is used as the ordinate, The lines of
least slupe in each set of diagrams represent the material after one
wash ; the lines of steeper slope, the material at intervals during the

eriod of service. ‘The steepest line for the Good Middling and Mid-

ling groups gives the flow-pressure relationship for the materials
lanndered 225 times, and that for the Strict Good Ordinary, after 200
washes. The Iatter is steeper than the two former, showing that the
Strict Good Ordinary cotton is more tendered at the end of 200
washes than are the other cottons at the end of 223. Two hundred
washings for Strict Good Ordinary and 225 for the other two
sheetings are within the range of removal from service, as shown
by tabie 24,

TABLE 20.—Fluidity mevsurements of varicus seelions of sheets made from. the
J sefected collons and removed from seeeice af intervaly during their wear
life
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The yield value, ax given by the intercept on the pressure axis is
an index to the abnormality of a solution. This value becomes
smaller as the fabrie of each grade becomes more tendered. Thus,
with Inereasingly severe deterioration of the cotton. the cupram-
monitun solutions approach the normal behavier of viscous liquids,
The yield value alse decreases aceording 1o the grade of cotton in the
order Good Middling, Middling, and Strict Goad Ordinary. During
np’;}m\un‘ttv!y the Iast thivd of the wear life the yield value is zero.

Phe fluidity relationship by grade is also ilustrated graphically
in figure 18. where the average of the four sections is plotted sgainst
the number of times lzundered. This figure shows that throughout
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the period of observation the fluidity values are higher for sheetings
made of Strict Gteod Ordinary cotton than for those made of the
other two cottons. Middling nud Good Middling cotton are of the
sume order.

The fluidity measurements recorded in table 26 for each of the
three grades of cotton are plotted by sections of the sheet in Hgure
18, The order of incressing deterioration of the sections for each
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grade is D, €, A, and B. Thiy refationship is shown more clearly
in figure 20, where average values of the three cottons arve plotted.
The greatest difference exists between sections A and 3. Section D is
superior to section (', which is only slightly superier to section A.
Bince section B received the most severe weur, and section I the
least, the difference between their fluidity values gives some indica-
tion of the wear factor by itself. This difference averages 9 percent
of the total rise in flukdiity. It would, of course, be greater it sec-
tion D had not been worn at all, and much greater if the ratio of the
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number of launderings to the number of nights used were changed
from 1:1to 1:7 to conform to usual home practice. This is contrary
to the opinion expressed in the report of Millard’s work (1) that
the wear fuctor is negligible in sheets used in hospitals,
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Deterioration as measured by fluidity appears to be more rapid in
the lust half of the weur life than in the first half. This is illustrated
clearly in fignre 20.

In figure 21 the fluidity values are plotted against loss in warp-
breaking strength. The graph shows the existence of a lineur rela-




42 TECHNICAL BULLETIN 406, U.8, DEPT. OF AGRICULTURE

tionship between these twa guantities. This is also the finding when
fluidity measurements are plotted against loss in breaking strength
of the filling. Clibbens and Ridge (16), who progressively modified
cotton yarns by the action of oxidizing agents and acids. found a
similar correlation between fluidity and tensile strength, :
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Fopre 20.—Fidify values of cuprammonimm solutipns of different seetions of cotton
sheetings lnendersd voavious nombers of thoes.  The value for each sectlon ls the aver-
e Tor shectings made of the three cottons.

The copper numbers for all three cottons are given in table 27.
They aise Increase steadily with service. Since copper rumbers
mensure chemical deterioration, it is evident that wear produces a
progressive chemical eterioration. Again it is apparent that Strict
Good Ordinary cotton showed slightly more degradation before it
was laundered and at the end of 200 washings than did the other
cottons at the end of 225 washings. However. during the major
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part of its wear life the Good Middling cont.ined more oxidized
cellulose than either of the other cottons.

In figure 22 the values for copper numbers given in table 27 are
plotted by sheet sections. The degree of chemical degradation of
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wirrp hreakitg streupth ns compured whil n new sheet of each grade.  The shevtings
wors mide from the 1hree selected cotlony and ghven viricus amobpts of wear,

all of the fabries increases in the order, sections D, ¢, A, and B. This
relationship, which is the same as that obtained with the Auidity
miegsurements, is more apparent when the average values of the
three grades are plotted, us in figure 28. The increased deterioration
of B over that of the other three sections is inore evident from copper
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nwmbers than from fluidity results. The average difference in cop-
per numbers between B and D minounts to 9% percent of the total
rise in this value, showing again that wear slone is significant. For
both fuidity and copper mumber this percentage difference decreases
in the order Good Middiing, Middling. and Striet Good Ordinary.

TanLE 27.—Copper vumbers of terions scetions of shects made from the 3
selected cottons ond removed from service af infereals during their acear
”,.fe

Tesl Copper nuwimtier of —
b periond -

(franie of collon | [Il.l'mcs Seut
nun- eciion
i dered) A

. L
Section  Section | Section
[# 13

P Average
'

[
; Number
1

Good Middlive o, A v rcecen 0 13]]

1
Middling (NQ. H)cammmcmee oo mmen - 150

Striel Gowml Ordivary (Mo, B} o oo cammans K 150

]
1<
(-3

L Average of T sheets, . i .
1Phe results of all the chemicnl and physical 1ests made on the sheet removed for lesting at this period

showed that the sample did not conforth 1o the genersl trend for the grode.

When copper numbers for ench grade of cotton are plotted against
loss in breaking strength of the wurp. the relationship is approxi-
mately linear, as in the correlation of flunlity measurements and
breaking strengths given in figure 21, Again, when fluidity values,
are plotted against copper numbers an approach to a linear relation
is apparent over the range studied. For all three grades. at any
test period, the difference {expressed in percent) in the copper num-
bers of the laundered and unlaundered materials was about four
tines the difference in the fluidity results.

The methvlene blue absorption values (fable 28 amd fig 24) show
that absorption inereases progressively with weat, Increased  ab-
sorption indieates chemical deterioration.  The absorption is greater
for the Strict Good Ordinary cotton after 200 washes than for the
other grades after 225 washes. However. for the mnjor part of
the wear life. the order of incressing absorption is Striet Good
Ordinury, Middling. and Good Middling.  These findings are ‘sim-
itar to those obtained with the copper number test.
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Increases in methylene blue absorption were obtained in this study
as a result of wear, while in the ironing project the absorption was
found to decrease as the temperature rose. At the higher tempera-
tures, however, the rate of this decrease became smaller and the
absorption tended toward a limiting value. Barr and Hadfield (7},
who exposed cotton fabrics to the action of suniight, found that with
exposure the methylene biue absorption decreased somewhat at first
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and then began to rise. Thus it is obvious that methylene blue ab-
corption is not always a reliable quantitative test for the earty stages
of oxidation. Taken together with ecopper number. howewver, it
affords diagnosis of the type of degradation that has occured.
Birtwell, Clibbens, and Ridge (9} differentiate hetween two types
of “ oxycellulose ", one characterized by a large increase in methylene
blue absorption and a relatively small increase in copper number
with progressive modification, and the other, the reducing type, by
the reverse properties, They obtained the first type by treating
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cotton with alkali hypobromite. The present study shows that wear
and laundering zlso produce this type of oxidation product since
rapid increases in methylene blue absorption and small inereases
in copper numbers were observed.,

CONCLUSIONS

Sheets composed of American upland cotton selected to represent
the Good Middling, Middling, and Strict Good Ordinary grades
were subjected to controtled wear and laundering, The chemiea] and
physical. characteristios of the sheets were deterntined at intervals
thuring their wear life,

The physical tests indicate that the sheetings of Strict Good
Ordinary colton were weaker initially and throughout their wear
fife than those made of Middling and Good Middling cotton and
were slightly more deteriorated af the end of 200 washings than were
the others at the end of 225 washings,

As measured by copper number and methylene blue absorption
determinations, the coliulose of the Strict Good Ordinary cotton
showed less degradation thronghout the major part of the wear life
of the sheets thar did the cellulose of the Mi(h}ling and Good Mid-
dhing cotton. However, nt 200 washings, when the sheets of Striet
CGood Ordinary cotton were worn out the cellulose was slightly more
deteriorated than wus that of the other two coltons at the end of their
service after 225 washings.

Both chenteal and physical tosts showed that the maximum wour
on the sheets oceurred in the section ovcupied by the shoulders.
There wus no inereased wear on the middle fold.

Three and one hall years” storage eansed no deterioration in un-
used sheets.

The type of oxidation product characterized by greatly increased
affinity. Tor methylene blue was formed as a result of wear sl
faundering.

EFFECTS OF IRONING TEMPERATURES U'PON THE TABRICS™

By I, Moivisa Dowxey and Buen W Lrygeisy

As part of a study of the reaction of variocus arades and varieties
of cotton to wear and laundering, data nre being accumutated Ly
the Burean of Howme Beonomies on'the physical and chemical changes
which talee place during ironing in fabrics woven of known rrades
of cotton. Such information pseists in evaluating these grudes in
terms of the usefulness of the fnished fabric and wso in formulating
recommendations for laundering procedures. Methods of analysis
sensitive to small wmounts of damage have been used. as well as
strength tests which measure more obvions deterioration. This is
particularly desirable as the repeated ase of high temperatures just
below those giving changed measurements for breaking strength may
result in an unexpectedly shorter wear life for the fabric,

Toxperiments in whieh cotton bus licen subjected to moderate hout
over prolonged periods of thue have been  deseribed by such ob-

¥ Grateful spprechition s expreswed to oris M. Buehannn, who hus glven valuubic as-

sistuner durigg this fnvestlentlon,  Judith L. Neole fins wlso glven ald In compiting dain
end Jesnne L, Goeerlo i nnking Drogking-strengtl testy,
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servers as Fort {/9), Schiller {48}, Kneeht {22). Justin-Maeller
{30), Bain (6). Méllering {47). Tiltman and Pornitt (37}, Akahira
(2}, Patel {46), and Ramsbottom (47). The results of these nnd
similar studies are not applicable to ordinary ironing procedures
where higher temperatures are applied to only oue side of a fabric
for a very short time. Even in the reports of ironing studies from
which seme recommendations have been made to the laundry trade,
there has been no indication of worlk on known grades of cotton
under controlled conditions of pressure and molsture.  In all cases
seoreh was detected merely by color change visible to the eve under
ordinary hghting conditions, and ULreaking strength appears to be
the only measitve recorded of deterioration in the irened cotton.

Bome work with hand jrons has been described by Fort (19),
Kneeht and Muller (.£2), and Gilmore (28}, Sinee the term scorch
has been defined so qualitatively in the published reports of these
observers, it is difficult to compare their results. Tort, as well as
Krecht and Muller, made comparative temperature observations by
mieans of u thermometer inserted in the fron from the top. Their
reports are vague as to the ironing conditions when the danger point
for cotton was reached.  Gilmore, who worked with an electrically
Leated hand iron, states that there was visible yellowing on bleached
cotton materials without accompanying loss in breaking strength.
However, Clayton (/J, 29} who subjected such fabries to 2 heating
plate at viariows temperatures reports that he obtained a loss in ten-
sile strength ut temperatures fur below those causing visible seorch.
This apparent contradiction may be attributed to differences in mois-
ture content according to the experimental results of Knecht amd
Muller {47}, or it may be due to difference in the time of contact
with the heated surface. In Gilmore’s work the time of contact was
3 secontds and in Clayton’s 30 seeonds.

In the present investigation the fabrics used were mude under
experimentally controlled conditions from selected cottons represen-
tative of known grades. They were ironed under controlied condi-
tions of mowsture, pressure, and tempernture with a hiousehold ironoer
(fig. 23). in which 2 padded voll turns agninst a heated netallic
shoe!T  With the partial spectrophotometric method used for de-
tecting color ehange in the roned materials, it was possible to note
measurable effects for ironing temperatures considerably lower thas
those at which there was visible yellowing in ordinary daylight,
Tests were made on the ironed cotton swnples not only for fosses in
Iweaking sfrongth but also for changes in the chenrical natare of the
cloth. ANALYSIS OF DESIZED SHEETINGS

The preparation and construction of the materinls used in this
stiely nre deseribed on page 3 and the results of the wearing tests
to which the finished sheetings were subjected on page 29. They
were woven of Good Middling, Middhing, and Striet Good Ordi-
nary cotton respectively. The finishing process included a soda
kier-boil and chemicking with a one fourth of 1 pereent available
chlorine solution,

7 This froner wus suppilod {rough the courtesy of the Apex Rloctriea! Mrnufaciuring Co.
IE81° -- i —yg
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Troning studies were made on the new sheetings and also on used
ones removed from service af various intervals during their wear
life. Before being submitted to the heat fests, the new sheets which
had been treated in the finishing plant with a mixture of corn starch
and a saponified tallow softening material, were desized as follows:
The fabric was given a preliminary soaking and rinsing in wuter at
90° to 100° F. It was then washed in a solution of neutral soap in
the temperature range 140° to 150° and rinsed in hot distilled water
unfil the pH of the rinse water wis the same as that of the distilled
water used. This was followed by two separate enzymic treatments
under controlled temperature conditions with thorough rinsing after

Fuvie 25~ Experitmenin! iroslng equipment.

ench treatment.  The material was finally washed sgain and rinsed
until the pII of the wash liquor was the sume as that of the distilled
water,

Loss in weight due to this desizing was determined by weighing
fringed and thoroughly conditioned samples under standard atmos-
pheric conditions {65 pereent relative humidity and 70° I8}, This
loss ranged from 4.2 to 4.8 percent for all three sheetings. The fat
and wax content of the desized fabries. as determined by extraction
with carbon tetrachloride according (o the general procedure of
Clittord. Higginbotham, and Fargher (77}, varted from 0.35 to (.42
pereent.  Tests for ehlorides and sulphates pave negutive results.
These tests were made beeause sueh salts would produce abnormal
tendering of the votton nnder the influence of heut,

The weight per square yurd, thickness (as mensured with a
micrometer thickness gage exerting a constunt pressure}. amd fhread
count of the new desized shoeetings are given in table 29,
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NapLe 20— Welght, ihickuess, and thread cownt of desized sh catings mude frou
the 3 geleefedd enflons

‘I'hirend vount
Cirade af eolton Weight Thickuess -
Wharp Filling

Chees per
atgitere yirrd Inches

Good MTdaling (50 3. o oemeee e oL -2 0.0013-0.012
Middling (N 8) ... e 4.0-1.2 SO 20
Brrict Gowd Ordinory (No, 8., e m——— e, L0 L0105 L 0LIS

IRONING EQUIPMENT AND PROCEDURE

Ancespecially construeted householid jroner baving a voll 26 inches
long and 7 inches in diameter was used for applying heat to the
fabries. In order to hold the high temperatures desired, an 1,300-
watt heating element was provided in the hoe. This element, of the
flat ribbon type, was well embedded in a composition insulating -
terial and when placed in position nest to the metallic muss of the
shoe was further insnlated from the rear frame by lavers of ashestos.
A sheet of copper about 23 inches long was placed between the in-
sulated heating element and the metal mass of the shoe to serve ag
an equalizer of temperature over the moest used area of the shoe.
By means of a variable resistance placed in the heating cireuit, it
was possible to compensate for changes in the line voltnge as well ag
for cooling effects produced by the fabrics while heing ironed.

The temperature of the heated shoe was determined from potenti-
ometric readings of the clectromotive force generutod when the
thermocouple junction with its leads was placed in the metal just
below the ironing surface.  Preliminary measurements had beett
made to determine the necessary dopth of inumersion of the thermo-
element in the iron niass of the shoe,™

All thermocouples usedd in this worl were made from no. 30 B, & S.
gage chromel and constantan wires which had been enameled and
then wound with asbestos.  On account of the necessary forwared
and backward motion of the shoe in starting or stopping, it seemed
advisable to use rather sturdy materfals. As has been eonfirmed
recently by Kratz and Brodertele (44), the chromel-constantan coni-
bination also gave the advantage of a comparatively high elertro-
mative foree per degree of temperature chunge. Eael thermoconple
was calibrated by the United States Buresur of Standards, but ne
appreciable difference was found.

Preliminary thermacouple measurements taken for o distance of
15 inches along the central portion of the 26-inch shoe Ve prie-
tically no variation over that distance. Accordingly, for the iron-
ing of xumples 15 inches wide, it was only necessury to make tom-
perature observations in the middle portion of the surace in contact
with the sample.  There was then no danger of short circuits from
thermocouples placed at varions positions in the metal. The total
froning surface of the shoe smounted to approximately {40 square
inches.

M cknowledgment s made to W, U White, af 1l figophysien] Latbaratory, Unrnegle
Institutlon of Wiadbington, fur eritheisms nnd sugzesthons {0 thia cutinesUlon,
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The revelving roll of the ironer was well padded with two lavers
of Jg-inch knit cotton padding and fwo layers of napped, double-
Taced cotton felt.  Over this, covers of proshrunk muslin were used.
These were changed often to avoid possible contamination of the
experimental sunples from any oxidized cellulose which might be
formed on the covers with repeated use. The padding was flutfed
up amlaived often so as to prevent uneven packing on tie roll.

Measurements upon the compressed springs at the back of the shoe
indieated an average pressure hetween the padded roll and the
heated shoe of 134 to 114 pounds per square inch. This same pressure
setting was maintained throughout the study,

Preparatory to ironing, sheeting samples 19 by 15 inches were
conditioned at 65 pereent relative humidity and 70° F. for 6 Lours, a
length of time sufficient according to the results described by Sommer
{49). In crder to estimate the moisture content, weighings were
made of representative conditioned samples before and after deving
to constant weight at 105° C. The values thus obtained for moisture
content are: Good Middling, 6.22 to 6.25 percent; Middling, 6.18
to .32 percent; Strict Good Qrdinary, 6.34 to 6.45 percent.

In order to keep the moisture content constant before ironing,
cach conditioned sample was wound on a moisture-proof roll hetween
two similar picees of conditioned cloth. The roll was then wrapped
in maoistnre-proot muterial and pliced in a covered container which
had been standing open in the comditioning room. Weighings of
samples which had been wrapped as deseribed showed the moisture
content to be practically unchanged even after the rolls had heen
removed Trom the conditioning room for 1 week. This finding con-
firms the experience of Guest and Potsdumer (27) in their work on
fabrie conditioning.

Each sample was ran throngh the ironer once. The entire time
required for any part of a given sample to pass the heates] metallic
shoe was about 214 secunds.

The sibrface of the roll just before making contiet with the heated
metal wus 35° to 40° C. for the major portion of the work., IHow-
ever, some observations were also recorded when the surface of the
roll had a temperature range of 120° to 130°, In the course of housoe-
hold ironing. the roil surface sometimes rises to these temperatures.
dtie to the turning of the roll aganinst the heated shoe when no articles
are being passed through the ironer. In order to estimate the ap-
proximate temperature of the roll surfuce, the thermo element. covered
with o heat-retaining pad, was placed in position on a thin copper
sheet whichy conld e casily bent to muke close contact with the
roll.  Checks made with this arrangenent under known conditions
showed 1t 1o he sufliciently acenrate for this purpose.

MEASUREMENTS OF DETERIORATION

Measurements were ntule upon the ironed samples (o detect changes
m hreaking strength. in surface color, and in the chemical natime
of the cloth. The same tests were. made on undamaged control
samples of the same warp and the sane filling taken from the im-
mediale vieinity of the samples on which measturements were muade.
For the results recorded in this report, the values obtained from
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the control samples from any one grade of sheeting were averaged,
and the test resuits expressed with reference to the average control
-alue for the type of sheeting involved. The lowest ironing temper-
ature tabulated is 145° C. sivee preliminary tests showed that the
samples ironed at that temperature gave the same results as unironed
sanrples.

BREAKING STHENGTIV

Strips € inches long and 1 inch wide were used for the tensile-
strength measurements, which were obtained under staucard con-
ditions of hunudity and temperature with a Scott tester having a
3-inch back and front jaw and a distance between the top and bottom
jaws of 3 inches. The rate of separation of the juws was 12 inches
per minute.

SURFAE REFLECrANCE

Tests for changes in color were made by means of a partial spectro-
photometric method deseribed by Appel (§). The intensity of light
reflected by the sumples was measnred with reference to a standard
magnesium oxide surface for the following range of wave lengths:
708, 651, 578, 846.1, 501, 435.8, and 405 millimicrons. The measure-
ments of the light reflection in the violet range (mercury lines
435.8 and 405 millimicrons) were the most effective in detecting slight
surface changes due to ironing. and it was possible to distingnish the
damaged from the undamuged samples by observations for wave
length 485.8 millimicrons,

The general arrangement of the apparatus and the position of the
sample in its rotary holder is shown in figure 26.% The test sample
and the standard white surface are mounted in interchangeable posi-
tious on the sliding platform. For an observation this is moved back
so that the sample and standard are directly under the source of
light. The 220-volt mercury arc lamp, as well as the 1,000-watt
tungsten filament lamp, are mounted in the sliding carriage, which
may be shifted to the right or left, sccording to the illumination
desired for the sample. Readings are obtained with the Martens
photometer. which s fixed in position so that the line of vision is
perpendicular to the reflecting surface snderneath. A more detailed
description of this apparatus has been published by Appel (4).

FLUINTY IN CUPRAMMONIUM BOLUTION

Fluidicy {viscosity} tests were found to be a satisfretory means of
measuring a tendered condition in ironed samples. These tests de-
pend upon the fact thut 2 cuprammoniuin hydroxide solution of the
damaged cotton flows through a capillary tube more rapidly than
does 1 stmilar solution of the nndamaged cloth.  The general methaod
of ebservation followed that of Herschel and Bulkley (:28), in which
the time of flow for successive 5-ce portions is obtamed. Figure 97
illustrates the particular arrangement of the fluidity tubes used in
this laberatory. The constant temperature bath used accommndates
4 tubes, allowing 3 to come to the required temperature {25° C.)
while measurements are being made on the fourth. The average

# Ackpowledgmoend {5 wade Lo (e Texlile Seetlon of e Division of Flbrous and Ocvgonic
Maotoriels, U5, Burenn of Standords, for the use of this equipment,
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diameter of cach eapillary fube wuas cbtained from flow tests with
oils, the viscosities of which had been determined by the United
States Bureau of Standards.

While the cuprammonium solution used for these fluidily meas-
urements was of the same general type employed by Clibbens and

Fleous 26—Appuratus lov the weasurmment of Myght reflectance,

Geake (75) medifications were made in its analysis (71, 12). A
solution containing 15 grams of copper, 200 grams of ammonia, and
less than 0.5 gram of nilrite per liter was cavefully prepared. Asib
was necessary during prepuration to protect the solution from both
heat and light, ice and a covering impervious to light weve placed
around the tube containing the eléctrolytically prepared copper and
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the concentrated ammonium hydroxide to which 10 grams of sucrose
per liter had been added. Purified air was bubbled through this
mixture until the desired concentration of copper was reached. After
the final solution had been analyzed and diluted to the proper con-
centration of copper und ammonia, it was stored in 2n atmosphere of
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Migugrg 27.—Viscometer arrangement: 4, Viscomoeter * giass Incket; B, air outlef tohe;
s, shot uaeqd Yor welght; &, axis leading to stirrer: E, capillnry fube in position for
nfmervntio::; F, rubber connection ; @, viscometer (ube graduated in cuble centimeters.

nitrogen in a cool, dark place. As this solution decomposes under
certain conditions within approximately 1 month, new solutions were
made up from tine to tunce,

The fabric test sninples for the fluidity measurements were finely
divided in a nonheating mill, which had a cutting action and was
cquipped with l-millimeter openings through which the disinte-
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grated fabric pussed. Solution was alse facilitated by the use of
steel cylinder stirrers. Breakage of viscometers was avoided when
the stirrers were fitted with spiral steel springs at each end as
recommended by Neale and Biringfellow (29}, After the finely
divided cotton was thoroughly conditioned under standard proce-
dure, sufficient amounts were weighed out to make 0.5-percent solu-
tions of this cotton in the fluidity tabes, These tabes were then
filled with cuprammomium, slipged into black cloth jackets and ro-
tated overnight on n spevial viscosity wheel. This wheell made
of solid compuosition board, has four times the canacity of the bicycle
wheel used by Clibbens and Geake (7). It s equipped on both
sides with metal fasteners into which the tubes can be pressed
eastly. This eliminates the loss of time and the diffienlty which
would be involved in hinding the tubes to the spokes of the bicyele
wheel. When the cotton wus flually dissolved in the cuprammoninm,
the solution was reandy to be run through the capillaries of the
fluidity tubes.

The fluidity results recorded in table 30 have been caleulated
from the formula F= E,ZF{‘J_—P—): where & is the fluidity in reciprocal
poises, (7 is an instrumental constant, ¢ s the rate of flow in cubie
ventimeters per seeond, and the guantity, (2-p). the average pres-
siure causing flow (grams per square centimeter). Comparison of
the cotten solutions with a true viscous liquid showed them to be
for all practical purposes within the range for which the flow may
be expressed in the form of fluldity as caleulated by the above
fornmmla (/5). The instrumental constant ¢ is defined in centi-

. . xgd? .
meter-gram-secontd units by the guantity g. » where ¢ is the ac-
N ' ¥ y28L g

celeration of gravity. d is the inner dimmeter of the capillary tuobe,
and L is the length. In the present work the values ¢ and £ were
0.1136 centimeters and 323 centimeters, respectively. Kinetic energy
corrections were for the most part of no gigmficance for measure-
mients upon the materials used.

The ralio ?;?jp was obtained from flow-pressure graphs such as
are shown in figrisre 28, where the ordingtes represent the rate of flow,
. and the abscissae the corresponding value of the pressure head, P,
The yield valve. p, is given by the distance from the origin to the in-
tersoction of the straight line graph with the pressure axis.  The
method of Herschel and Butkley {29) was used in determining the
avesnge pressure heads,

COPPER NUTMBER

Determinations of copper namber and of methylene blus absorp-
tion gave additional information both as to the extent and type of the
degradation products formed in the ironing of the cotton materials.
A method of determining the copper nunmber of cotfon and its use
as o measure of the delerioration ot this fiber has been discussed by
Elmquist (78). In this study, a sample of the fabric weighing 1.5
grams was prepared in the same way ontlined in that paper. How-
aver, in order to msure results that would be readily reproducible
from day fto day, the finely divided sumples were treated with
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Braidy's solution instead of Fehling's solution (/7). Each of these
samples, which had been pliced in Erlemmeyver flasks fitted with
Bunsen valve stoppers, was heated for 2 hours in an oil bath therno-
statically controlled at 100° (. The copper number, as reported.
is the nmmber of grams of copper reduced from an alkaline solution
of enpric sulphate by 100 grams of dry cotton.

Tavre 80 —Phyxical and cheprivad cliciiges caused by various ironing ¢ impera-
fures on desized sheetings made frenu e S setecled eofins
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ANSGRPTION OF METHYLENE Bi'E

The methylene blue absorption was determined in nenteal solo-
tiem of methylene hlue buffered with potassium dilivdrogen phos-
phate and sodinm hydroxide. The ironed sumples were cut as for
the copper number and the fluidity measurements:; otherwise the
method followed was that of Clibbéns and Goealke (74)Y. When the
fnely divided eotton had heen thoroughly conditioned, 2.5-gram
samples were added o 13-ce portions of he methylene blue solution
n &pecial tubes.  Cave was taken to insire thorongh wetting., A fter
standing 18 hours, the selution wais separated by centrifuging and
10 veof this titrated against napthol vellow 8, one molecaie of which
couples with two moleenles of methylene blue,  The absorption of
methylene blue in millimols per 100 wrams of dry cotton is caleulited
Trom the difference of titer of 10 ce before and after immersion of
the cotton,




58 TECHNICAL BULLETIN 406, U.8. DEPT. GF AGRICULTURE

DISCUSSION OF RESULTS

In the interpretation of results obtained in this study, no change
was regarded as significant which was less than 1 percent of the
value given by the ltllildll](lﬂ‘(‘(] material. Al changes in the ironed
fabrics were corrpborated ln repeated tests, and the representative
results summarized. .\ general examination of the values shows that
a deteriorated condition exists in the test samples at ironing temper-
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Firus 35 —Flivw-pressure relntionships for cupmmmonium’ solufions of desized cotton
sheetiog= ironed ot varjons temperatures A, Good Middling eatton : 8, MIddling cot-
ton o 1, Birict Good Ordicery corfong 1, wsed shertings (S0efel Good Ordinary cotton),

atures considerably Jower than those at which a loss in breaking
strength is first evident. There are no striking differences in the
resistance {o heat sheown Ly the three alwotmm« under the experi-
mental conditions of the present studv,  While “there is some indlicu-
tion that high ironing temperaures have less effect on sheeting made
from Striet Good ()1(1111.11\' cotfon, any conclusion in regard "to this
must be made with some reservation, particula: Iy since this material
after desizing was somewhat lower in weight and thickness than the
other two Hil(’(‘tln"‘\
NEW DESIZED SHEETINGE

Representative test results for the three desized sheetings ironed on
the cooler roll surface are given in table 0. For the desized mute-
rials, before beinyg ironed, there is an increase in breaking strength
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and surface reflectance as well as a decrease in copper number and
fluidity in the following order: Strict Good Qrdinary. Middling,
Good Middling. The fluklity values and the copper numbers both
give slight indication of deterioration in the desized materials ironed
at, 257° C.. while af 271° changes of several percent are noticenble
in the fluidity values and even larger relative changes in the copper
numbers,  After the first slight Indieations of damage the copper
nitmber appears to increase more rapidly than the flaidity Tor sam-
ples ironed at the same temperatures. The sensitiveness of the eop-
per-number determinations to the deteriorated condition in the
ironed materials seems to indicate that the modified celinlose here is
entirely of the reducing type. This deduction is further strengthened
by the values for the methylene blue absorption which decrease us the
temperatures rise. At the higher temperatures the rate of this de-
crease becomes smaller and the absorption tends toward a limiting
value. The same reducing type of oxidation produet described here
was obtained by Barr and Hadfield {¥} when they exposed cotton
fabrics to sunlight in the presence of air or oxygen. Changes of a
similar nature due to mild oxidation with chlorine were also de-
scribed by Birtwell, Clibbens, and Ridge (9).

There was no marked varintion in the amount of tendering re-
ceived by the different sheetings as shown by the flow-pressure dia-
grams of the cupranmonium solutions of cotton {Hg. 280 A, B. C).
These graphs also show that the yvield value as represented by the
intercept on the pressure axis appareatly decrenses with the lower
grades of cotton.  The line ¢ tn ench Individeal @roup was obtained
with a selution of the wndanmged matertal.  The Taster flow of the
solution of damaged material is shown graphically by the lines of
greater slape. For both the Middling and the Striet Good Qrdinary
cotton. line ¢ gives the fow-pressure relationship obtained with a
solution. of the material ironed at 320- ¢, The data in table 30
show that 3207 is ju the temperature range for which ehanges in
breaking strength were first evident.  Line « in the sheeting group
of Gond Middling cotton represents the flow-pressare relation for
sofution of material ironed at 335°, At this temperature the loss in
the hreaking strength of the Good Middling cotton sheeting varied
from 11 to 13 pereent.

A review of the results shows that the modilied collulose obtained
under the conditions of this study was always accompanied by a
meastirable Joss in the surface refllectance of the fabries for light of
wave length 4358 millimicrons. However, sinee there are so muny
Tactors which may be responsible for surface color change. other
tests must be made to determine the nature and extent of desradation.
Surface changes, ax messtred by the reflectance. appeared at ironing
temperatures as low as +43° to 247° (.

The corves in figure 29 are representative of the reflectance results
obtained when the desized manterials are ironed with the cooler voll.
Curve « in each group represents the results given by the undamuaged
material. A comparison of Lthe lower curves with this one shows that
the greatest relative change in light reflection oeccurs in the violet
part of the spectrum (4358 and 403 millinterons}.

Curves o and ¢ in each group are the only ones showing a notice-
able change in the red purt of the spectrum (651 and 703 millimi-
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crons}.  These are of spectal intevest «inee they were cbiuined with
samples ironed at temperatures high enough to produce measureable
loss in tensile strength (320° and 334° to 336° C.}. For the samples
ironed at 303° to 3047 no change in relative reflectanee can be noted
at 708 millimierons, ad there s only 1 very slight diflerence at 651
milliimicrons
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The genoral experitiental conditions represented in tabile 31 difter
from those of tble 30 only 1 the bigher surtaee temperntare of the
poll (1207 fo 130° (W) As this is only an omeasional condition in
the average household Troning provedure, it scemetd unnecessary lo
ke extensive observations with the hofter roll. The results ob-
tained with the three different sheetings gave noe conclusions incon-
sistent with those adready drawn Trom table 30 They suggest the
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satie type of altered cellnlose characterized by incrensed fluidity,
higher copper numbers, and lower wmethylene biue absurption. The
first indications of change in any of these three quantities ocenrred
in the temperature range 224° to 226°. and in general, the changes
noted appeared at tempertures fully 30 helow thoese giving similur
resitlis with the cooler roll surfuaee.

Tasne A—Phusxical and ehewieal changes eoused by rurions irtescinty Foippnri-
fares o desized sheetipns unde from e F seloeted eoltons
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Measurenents of the vielet light {wave length, 4335 millimierons)
reflected from the surface of the troned samples indieated a decreased
reflectance at 220° . With the cooler roll the same relative chunges
oecurred in the range 245° {0 247°,

Tests for breaking s trength on sheeting of Strict Good Ordinary
cotton gave approximately a 9 to 10 percent low at 2927 C. and
between 3 and 5 percent at 285¢ (. These are at least 30° lower
than the temperatures giving the sane changes with the cooler roll,
Similar results were obtained with the othier two cottons,

USEF KHEETINGS

The dingeams in figure 88, DL give the lNow-pressuye relationship
for selutions of used cotton sheetings ironed o the eosler roll surfaco,
The two lower lines, a. ¢, wore obtained for sheoting ironed at the
end ol the fiest third of its woar Tifo at temperatures 3385 and
145° (.. respectively.  The lines, 6. I, represont flow-pressure rela-
tions for sheeting in the fast third of its period of use. It i evident
that 2 solution of the more used material shows g smaller relative
change in its flow than does the less worn material wnder (he same
range of ironing temperatures. While the pesnlts illustrated here
were obtained with sheetings of Strict Good Ordinary eofton. the
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sume changes were obtained with the Good Middling and the Mid-
dling during the last half of thelr wear life. A comparison of C
and D in figure 28 shows that the new desized sheeting has approxi-
mately the same vield value ns the used material at the end of the
first fhird of its wear Hfe, but during the last hatf of the period
of nse the vield value shifts to zero.  Fhix was also the fnding with
the two sheetings woven from Good Middling and Maddling cotton,

The numerieal values of the fluidity given by sonie of the more
worn material for the low wud high froning temperatures (L45°
and 333° O were 2002 and 21350 respectively, For the same tem-
perature range the copper mmnbers of this material were 0802 sl
0.996. indicating no unusually lrge change.  Conteary to the usual
decrense in methylene blue abxorption obtained with the newer mute-
rials. there was an inerease for the more worn sheetings.  However,
at the endd of the frst ehivd of its useful life, this material gave
only slight inereases in absorption, and in the first one tenth of its
wear life there was a decided deerease under the same ironiog con-
ditions. Tt additional rexults eonlirm this cluangre to an inerease in
methylene blue absorption for worn materials generally under the
influence of heat, it iz possible that absorption measurements on
materinls heatw] under controlled eonditions vould be nsed in de-
veloping a method to distinguish used cotton fram new. ‘The need
for such a test has been stressed by Winne and Donovan (54) in the
examination of filling muaterials el in bedding and upholstered
furniture.

The reflectance curves given by the used cotton <hoetings ironed
with the enld roll at 143° and 333¢ . are shown in figure 30, The
sheeting at the end of e thind ol its wear life gives abont the sume
relative decrease o surlfaee reflleetion at B350 willlnierons as is given
Iy new sheeting with approximgetely the sanme ironing temperature.
Iowever, after {wo thirds of iis wseful life this waterial shows g
much wreater relative decrease in reflectance.  The swme velatively
laryge surface change existed at 3307 to 334 for all samples meas-
ared during the last (hird of the period of use regardless of the fact
that the weights decreased from 3.7 to 323 ounces per square vard,
This same type of surface change was Tound with all three sheetings,
but the results given here were obtained with the sheeting woven
Trom Striet Good Ordinary eotton,

In view of the increased darkeninge of the wost worn materials ot
high ironing temperatures determinations were niade of the fat von-
tont as well as the pIl extract of the umironed materinls,  Even for
(he sheeting in the fast period of its wear life the fat content was not
Tonnd to be essentiadly different {rom that of the new desized ma-
terinls.  The p1 of the extraet oltained TFrom d-grame samples of
Loth the worn and the pew materinls immersed in 100 ce ol boiling
water for 1 honr according to o method deseribed by New (f0) was
approximately the same as that of the distilled water nsed. Al
the. worn sheeting muterials nsed in these experiments were thor-
oughly rinsed in distilled water before being ironed. It is of
course possible that the darkening of the fabries in their more worn
stafe mny be somewhad anndogons to the candition described by FFort
(20} in connection with the heat test applied to tendered cotlon,
His melhod, however, was developed as a meuans of detecting oxida-
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tion tendering. which may not be particularly great for materials
under normal conditions of use. The yellowing effect npon oxida-
tion produets of the reducing type hus also been recorded by Birt
well, Clibbens, and Ridge (9).
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COXNCTLUSIONS

Three sheetings made from selected cottons representative of the
Good Middiing (\n 3). Miuddling {No, #). and Strict Good Ordi-
vary (No, &) grades, respeetively. were ironed ut known lemperatures
with # houseliald ironer of the roll tvpe with o pressure between 114
and 114 pounds to the square ineh,  Each fubrie sanple was condi-
tioned at 65 percent relative humidity and hravght in stiding contact
with the healed metallie shoe for abont 21, seconds.

The desiwed nn(m] als dumpged by ironing weree chiarneterized by
mereased {lutdity in cuprammoniom solution, higher copper num-
bers, and comparatively low methylene blue absorption as well as by
a decrensed sneface pefiectance in the violet parl of the xpeetrin.

Rimilar changes were oblained in the three types of sheeting under
the ironing conditions doseribed. The Striet Cood Ordinary "owed
4 -]:;_{hll\' groafer resistanee to heat than the other two, but the
sheeting of Tthis cotton was Tound Lo be somewhat lower in weight
and thickiess after dosizing than were the others.

At ironing temperatnres above 2152 (' chunges were observed in
ull the H]l['l‘{ltllﬂw when the indtial surfaee t t'mpvrdtuw of the padded
roll was 38° to 40°. The first appreciable logs in tensile strength ap-
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peared in the range 313° to 320° 8light indications of chemical
deterioration were obtained as low as 256° to 257° and changes in
surfuce reflectance first occurred at 245° to 247°.

When the roll surface attained a temperature from [20° to 1307 (.,
indications of deterioration were obtained for ironing temperatures
23° to 30° lower than with the eooler voll. At 220% a deerensed sur-
face reflectance was noted for light in the vielet part of the spectrum,
and the first indieations of chemical degradation oceurrved from 224°
to 2267,

In the first third of its useful life the worn sheeting of all three
tvpes scorched no more easily than the new desized material. How-
ever, in the last third of its wear life the worn material wuas niuch
more easily darkened, as shown by a decreased surfave reflectance at
the bhigher temperatures. Tt also had a higher methylene blue
alworption.

Anironing procedure was developed in thix study which involved
the control. maintenance. and measurement of the temperature of the
ironer. the contral of the moisture content of the fabric 1o be ironed.
and the regnlation of time and pressure factors. The methods
doseriberl are applicable to researel on ironing and on {eaperature
efferts in finishing duving manufacture.

SUMMARY

Tn an elfort to compare some properties of cotton fibers, yarns, anel
falsries, and to furnish a basis for studying the relation of the quality
of raw cotton (o the service, laundering. and ironing properties of
falvies manulactured From them, 3 bales of Awmerican upland eottan
[eom the Texas arven, crop 192528, selected to represent ench Gooil
Middling, Middling, and Striet Good Ovrdinary grades. approxi-
mately ineh in =taple length, and similar in character. were mann-
factured into sheeting of a definite constriction and subjeeted o
serviee and Ironing tests. The deseribed conditions and procedures
emploved were controlled amd wee  omparable, insofar ax possible.

Obsepvations were nuaude on the hehavior of the eoftons during
manufacture and some precise measurements were obtained on the
fihers in the raw stocks wwd on their intermediate products. yarns,
and abiies: cortain phvsaical and ehemienl analyses were niade on the
sheets as n basis of delermining their seryiceability and their resist-
anee Lo ironing conditions. The setting of the problen. the materials
and procedare employed. the results obtained, and the specific con-
clsions drawn are presented in the distinet but elosely reluted parts
of the bulletin,

In considering the findings here reported, it shonld he pented ont
that the shservations made are generally in line with those previously
macde in experimental and commercial manufactore of cottons of
different weades. o certain instanves, the three cottons have not
given restults which wonld be anticiputed from their grade desig-
nations. However, the grade faetors do nat refer to fiber properties
which in the finsel analysis mmst laorgely control the spinning be-
havier and the yarn and Tabeie charneteristies, Wilhin any given
grade, for instance, these fiber properties may vary greatly and it
is this variability which mills seek {o overcome by mixing the stoek
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from a considerable number of bales. Samples in the form of indi-
vidual bales taken from cevtain grude entegories, therefore. ean give
only 2 limited picture of the avernge and range of spinning quality
associated with grade. Tt ix helieved. novertheless, that the present
resulfs are well worth while for indieating something ol the range of
results to he obtained from the different grades and for orienting the
attack in future s(udies.

The Good Middling and Striet (food Ordinary coltons furnished
waste In quantity considered avernge for their respective grades: the
Middling cotton gave somewhat less waste than the average of this
grade.  During the course of manufactare, the length of Bhers from
the three cottons did not change appreciably. The namber of ends
broken per 100 spindles per hour nereased with deer it arade.
Ax o result of the finishing proeess, a reduction of about L+ pereent
occurred in the width of the shieeting. aecompanied by about a A-per-
cent inerease in lengih,

The brilliance of the raw ecottons deereased as the orade hecame
lower and. although the spread became smaller afeer bleaching. this
relation was evident for the cottons thraughout their manufacture.
In gencreal. the spectraphotometrie mensurements nuude on the fabries
e<tablished o similie relution. but some ditfferences in reflection were
abserved hetween the gray and the bleached fubrics, as explained.
Although the gray fabrics manufuctured from the lower arades
showed on the average a Juraer nmber of fine particles of foreien
nutter. the finished Tabries were pravtieally free of sueh extrancous
matter.

The yarns made frow the Good Middling and Middiing cottons
were spproximately equal in strength: {hose from the Striet Good
Ordinary were 10 to 18 percent weaker than thoss from either of
the other two grades.  The corrected tensile strongth of the oray and
of the bleached Tabries decreased as the grade became lower, but the
relative strength of the fabric from the Middling cotton was much
neaver to that for the Good Middling than to that for the Striet
Good Owdinary, The bursting strength of the gray and of the
bleached falrics from the Goad Middling and Middling cottons wis
wbout equal and was much higher than that of the corresponding
Tabrics made from the Strict Good Ordinary. Bleaching resulted
in a reduction of approximately 33 percent in bursting strength for
the fubries,

The changes in the physical and chemical churacteristies of the
sheetings that were made from these three selected cottons and sub-
jected to controlled service and lanndering were determined at in-
tervals during their wear-life.  Tests were made for weight, thread
count, thickness, breaking strength. bursting strength, shrinkage,
flnidity in cuprammonium solution, copper number, and methylene
blue absorption,

As measured by physieal tests the sheets of Strict Good Ordinary
cotton were wealer initially and throughount their period of wear
than those made of Middling and Good Middling eotton. The lutter
two were of the sume order. The sheets woven of Striet Good Qrdi-
nary were slightly more deteriorated at the end of 200 washes than
were the others at the end of 225. The copper number and meth-
ylene blue absorption tests in this study showed that the cellulose

19881—34——>5
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of the Strict Good Ordinary cotton was less degraded during the
major part of its wear life than was that of the “other two cottons.
However, in the last stuges of wear it was slightly more deterior atedl.
The oxidation product formed was characterized by greatly in-
creased affinity for methylene blue.

The maximum wear occurred on all of the sheets at the section
usually occupied by the shoulders. There was no increased wear on
the middie fold and no change in the unused sheets after 314 vears'
storage,

The new sheetings made of the selected cottons were desized and
ironed under controlled conditions of temperature, time, pressure,
and moisture.  The ironing procedure was developed with a house-
hold ironer of the roll t\'pe in which the pressure maintained be-
tween the roll and the heated shoe was 114 to 114 poinds per square
incl. The time of sliding contact of the f;almplc with the shoe was
abont 234 seconds.

When the initial surface temperature of the padded roll was 38°
to 40° C.. no changes were produced in the cottons at ironing tem-
peratnres below 9159, At the highest roning temperatiires used all
desized sheetings showed 2 lower br eaking str enn'th. a cecreased sur-
face reflectance in the violet part of the spootmm. inereased Hm(htv
in eupranunoniinm solution, higher popper nuntbers, and a compar:
tively low methylene blne absm‘ptinn

There was some indication of a slightly greater heat resistance for
the desized sheeting made from Strict Good Or dinary cotton than
Tor the other two aheetmtrs Before being damaged hy ironing this
desized material made from Strict Good Ordinary v cotton had Tower

alues for breaking strength and surface refleetance as well as
higher values for copper number and fluidity than the sheetings
Trom Middling and Good Middling cotton.

Worn sheetings made of the three selected cottons were subjected
to the zame ironing conditions after different periods of service.
During the first third of their useful life they all showed physical
ard cheniieal changes similar to those obtained with the new desized
materials. However. In the last third of their wear hife. the worn
materials showed w greater decrease in surfaee reflectunce and :
higher methylene Dlue absorption.
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